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SCRUB TYPHUS INVESTIGATIONS IN SOUTH BAST ASTA 


FOREWORD 


1. The Scrub Typhus Research Team, based on Imphal near the Indo-Burna 
border, comprised a G.H.Q. (India) Field Typhus Research Tean (Major 

S. Lal Kalra, IAMC, Pathologist, in charge), together with R.A.F., 
Friends Ambulance Unit and Civilian members, selected by the Medical 
Research Council, and all attached to a South East Asia Command unit 
known as the Scrub Typhus Research Laboratory. 


The growing team started a programme of systematic field work in 
April, 1945. The whole team was working together from July to December, 
after which its numbers rapidly dwindled, and all investigations by the 
skeleton team stopped by the end of March, 1946, when the two remaining 
officers and their assistants finally left Imphal, 


Work on the findings was not properly resumed until August, 194.6, 
at the Department of Entomology, London School of Hygiene and Tropical 
Medicine. 


2, The deferment of release from the Army of Lieut Colonel J. R. Audy, 
fornerly officer in charge of.the Scrub Typhus Research Laboratory, was 
extended into 1947 in order to enable him to complete the idan Report, 
the form of which was decided by the following factors: 


' (a) The premature dissolution of the research team and the 
scattering of its members; 
(b) the varied fields investigated and the present delays. in 
publication, which would inevitably lead to the scattering of 
published papers in many different journals, making difficult the 
important task of integration later on; 
(c) the existence of certain useful reports which however tight 
never be rewritten for publication, and 
+ the fact that investigations were to continue, by the GH. 
India) unit and by a small team to be based on the Institute for 
Medical Research in Kuala Lumpur, so that much useful information 
would not yet be ready for general publication. 


3e The present Report accordingly wresents both a review of Scrub 
Typhus in the South East Asia and India Commands , and an integration 

of the epidemiological investigations (Part I), supported by separate 
illustrated papers (Parts II and III) by individual workers, to which 
reference may be made for detailed study. It is the result of an 
attempt to prepare a comprehensive account, in some haste, of investiga- 
tions which could not be properly rounded off; while the investigations 
themselves, carried out in the ficld, were partly of an emergency 
nature, For these reasons it suffers many defects and may:ecompare 
unfavourably with the scientific theroughness to be expected of a report 
on carefully planned work carried out under peace-tine conditions. 
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Review of Typhus in S.E,A.C. (Sayers & Hill) 
THE OCCURRENCE AND IDENTIFICATION OF THE TYPHUS GROUP OF 
FEVERS IN SOUTH EAST ASTA COMMAND. 


The purpose of this paper is to place on record the 
occurrence, gcographical distribution, epidemiological 
features and the results of certain laboratory investigations 
on cases of the typhus group of fevers, particularly of 
scrub typhus (tsutsugamushi fever *) encountered in the 
Bastern Theatre, in the years 1941-4, 


Before the Japanese threat to India in 1941, fevers of 
the typhus group were relatively uncommon among Indian and 
British troops in India. ‘The total number of cases for the 
army in India reported during 1934 was 108, of which 35 were 
undoubtedly OXK in type, (Boyd, 1935). In Burma and Ceylon, 
typhus was a medical curiosity (Kundu, 1932, Nicholls, 19.0). 


Outbreaks occurred among troops in Burma and Eastern 
India from 1941 onwards, and at one period of the Burma cam- 
paign scrub typhus ranked after malaria, as the most serious 
medical problem, Five thousand cases occurred in 1941, with 
some 350 deaths. The notable feature at first was the 
occurrence of a series of sharp outbreaks, with intervening 
Quiescent periods during which few cases were reported, 

Thus there were outbreaks in Burma (Mciktila) in September 
1944 (107 cases); in Calcutta in 1942 (20 cases); at Ranchi 
early in 1943 (33 cases); and at Jhingergacha near Calcutta 
in the following autumn (58 cases). The year 1943 closed 
with a sudden outbreak in a British regiment south of Imphal 
(124 cases) and an explosive outbreak in Ceylon, when over 
750 cases were admitted to hospital within a week, 


It was apparent from these early outbreaks that the 
disease showed a marked seasonal variation, This was 
corroborated by subsequent experience, and the second half 
of the year came to be known as the "typhus season", As 
operations spread in the later months of 1944, into the Kabaw 
valley and across the Chindwin, and down the ‘railway corridor' 
in northern Burma, the incidence of the disease markedly 
increased and ceased to fluctuate widely. In August that 
year there were 800 cases and thereafter between 600 and 700 
cases per month occurred regularly till the end of the year. 
Such figures had never previously been recorded, | 


Owing to the fact that military operations of some 
complexity were occurring throughout the-period under 
consideration, considerable difficulties existed in collectin;; 
accurate figures for epidemiological analysis. The available 
data indicate only in broad outline the incidence of infection 
in the principal foci in Burma, India and on the Indo-Burma 
border. Table 1, and the Chart and Map,at pages +5 - 16 and 
overleaf, summarise the main outbreaks and indicate the 
numbers of cases and geographical location of the units 
involved. Table II indicates the mortality rates.  Ex- 
perience in Burma will first be described as a majority of 
the cases of typhus occurred cither in this ny or on 
the Indo-Burma fronticr. 


* The identity of scrub-typhus with the classical tsutsugamushi of Japan and 
Formosa is accepted. . The term 'scrubetyphus! is used in this paper, since it 
obtained in waretine usagee 
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BURMA and the INDO-BURMA FRONTIER 
The outbreak of 1941.° 


This, the earliest of any importance to be described in 
the army, was reported by Gurbuxsh Singh (1945). In September 
1941, 107 cases occurred in a rural area near Meiktila in 
Central Burma, Clinically the disease was scrub typhus and 
local necrotic lesions of the skin were observed in 36 per cent 
of cases, Serological tests showed agglutination of Proteus 
OXK to significant titre in 97 per cent of cases. Two patients 
died and the epidemic corresponded in all but mortality with 
the disease as later encountered, All but two of the patients 
belonged to one unit which proved to be infested with lice, and 
a company of that unit which was free from lice was also free 
from disease, These observations, coupled with the occurrence 
of weakly positive agglutination of 0X19 suspensions in 16 cases, 
suggested to Gurbuxsh Singh that the louse was a possible vector, 
but no further evidence in support of this hypothesis was 
recorded. . 


The Burma Retreat 1942. 


The extent to which fevers of the typhus group occurred 
during the retreat from Burma in the summer of 1942 remains 
unknown. Then and in the months that followed, medical officers 
were generally unfamiliar with this group of fevers, and 
laboratory facilities were lacking. After the fall of Burma, 
"typhus" was first recognised in stations where there were 
laboratories, such as Ranchi, Calcutta and Imphal. 


Manipur State and the Kabaw Valley, 1943. 


In the first nine months of 1943 only some twenty cases, 

and these from widely scattered areas around Imphal, were 
admitted to hospital. In October and November of that year the 
first big outbreak of scrub typhus drew attention to the 
importance of this disease in future operations in Burma ADD, @ 
(Tattersall and Parry, 1945). On-October 11th 1943, a battalion  Pel6s(2) 

Wah : ‘ . : oe also 
of a British regiment arrived from'a non-endemic area and Aas 
patrolled down the Tamu Road some 5 miles north of Moreh, in Addenda} 
the hills above the valley of the Yu river, Two companies 
patrolled a certain hill feature, 2 ridge about 2 miles in 
length, the original jungle on which was replaced by rank grass, 
scattered stunted trees, and:occasional young palms. On 
November 2nd, three weeks later, the unit left the area, Cases 


of scrub typhus began to occur on October 20th and continued until 
November 19th, 17 days after the unit left the area, ‘The 
maximum daily incidence occurred from the 23rd to the 27th October, 


corresponding to an incubation period of 12 - 16 days. In Figs. 
all, 121 cases were reported, the majority of which occurred 2: hd, 
among the companies which had patrolled the ridge, later known UG, UP, 


as “mite hili", 


* There is reason to believe that these infections were actually incurred not in the 
Meiktila area but south of Mandalay (7 Myitynge-Kyaukse area) = sce Appendix 2 pe 13, 
para 9(1) = JRA. ME ip 
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This outbreak was the subject of detailed clinical and 
pathological studies, referred to in the second part of this 
paper, which fully confirmed that the disease, hitherto 
commonly known as scrub typhus, differed in no essential 
particular from tsutsugamushi fever. (During the dry sea- 
son about 3 months after the outbreak, an extensive fire 
occurred on "Mite Hill", After the mongoon in August 194, 
Stach of T, deliensis were found in the soil of the burnt 
site, 


The Burma Fronts 1944. 


On the Northern and Central fronts, cases occurred in 
appreciable numbers wherever troops were engaged, with the 
overwhelming majority among those operating along the roads 
and tracks radiating from Imphal, The. Southern front (the 
Arakan) on the other hand, was almost free from scrub typhus 
until the operations in the : aid of the Kaladan in Nov- 
ember 19,, 


A feature common to the regions where infection occurred, 
was the 'scrub! country, consisting of areas of rank grassy 
waste=land which resulted from:old jungle clearings, The 
focal incidence of infection was ‘demonstrated by the 
occurrence of isolated groups: of cases from various areas 
along the tracks south of Imphal.: It appeared that 


‘localised infected patches of ground existed within wide 


areas of waste-land and workers in this theatre have claimed 
that it 8 possible to pinpoint such highly localised 
‘islands The significance of these observations was 
explored fi the hopes that the application of air-photography 
to the survey of typhus country might prove of value in 
assessing areas, of maximum risk. (Lt. Colonel J.R. Audy, 
R.AM.C., personal communication). 


An example, typical of many, illustrating the divorest 
localisation of infective foci was describéd to one of us 
(M.H.P.S.) by the officer commanding. a field battery, which 
encamped for ten days on the banks ofa small stream (chaung ) 
in the Kabaw valley, The officers' linés were situated sone 


~ 30 or 40 yards away from the main body. Seven cases of 


'fever' occurred among the personnel occupying the officers! 
lines - three officers and four batmen - two weeks after 
arrival in the camp. In five of them, according to the 
officer commanding the unit, a diagnosis of scrub typhus 
was subsequently made. He himself contracted the disease 
twelve days. after. leaving -the.aréa, up’ to which time, he 
stated, no cas¢ of suspected scrub typhus was reported from 
the mah body, although over 100 men had been engaged on 
jungle exercises, (All clothing had been treated with 
dibutylphthalate), Although there is little reason to doubt 
the reliability of this account, it was unfortunately 
impossible to confirm the details by examination of the 
clinical records of the patients. 


(a) Central Burma Front. - From November 1943 up to 
the time of the withdrawal on to the Imphal plain 
the following March, some 240 cases were reported 
among troops operating down the roads leading to 
Tiddim and Tamu, South of Imphal. During the 
following two months, while the forces were con~ 
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(a) (contd, ) 


centrated on the Imphal plain, no case was notified. 
With the raising of the seige in May, scrub typhus 
reappeared among patrols operating along the roads 
leading out of Imphal, and over one hundred cases 
were reported in May and June (194) from this area. 


There were few cases of scrub typhus among the 
troops advancing from Manipur Bese (Dimapur) to the 
relief of Kohima in. May. Only two cases were 
reported in the following month during operations 

to open the Imphal-Kohima Road. In July (194) the 
incidence began to rise steeply as strong forces 
moved south of Imphal and nearly 200 cases were 
reported, In August over 700 cases occurred and 
this figure was almost equalled in September, The 
main foci of infection were along the tracks leading 
from Imphal to Ukrul and Bishenpur, the Tiddim and 
Tamu Roads and the valléy of the Yu River. 
Operations in the Kabaw valley and towards the Chind- 


“win resulted in nearly. 4400 cases in October and 
November, and during these two months, over 100. 


further cases occurred among troops operating up and 
— down the Imphal-Kohima, road, 


(o) 74 


North Burma Front. - Wingate's Special Force was 
flown into Northern Burma (north of Katha) in March 
1944 and scrub typhus was not reported before May, 
when some 50 cases were flown, out to hospitals in 
North Assam. Pifteen of these patients died. 

From enquiries from men of the force and from 
available accounts, it is probable that a number of 
men died of scrub typhus in Burma, before its 
occurrence was recognised, The foothills to the 
south and south-east of Lake Indawgyi were the most 
likely foci of infection, A few cases (11) also 
occurred in May among units of the Fort Hertz garrison 
while camping on the Myitkyina - Fort Hertz Road. 
Altogether between May and September 1944, 132 cases 
of scrub typhus were reported from the units of 
Special Force, In addition some 200 cases had ° 
occurred among American Forces operating further north 
near Shaduzup between March and May that. year. 


Special Force was relieved in-July 1944 by a British 
division,and at first very few cases were reported 

as they advanced down the "railway: corridor" towards 
Sahmaw, Only.18 cases were reported during ‘August, 
and 33 the following month. Karly in October, as: 
operations proceeded south of Mawlu towards Pinwe, 
the incidence suddenly rose and during the last 
quarter of the year, 231 cases were admitted to 
hospital. The peak period was the latter half of 
November and December, after which the disease ceased 


‘as abruptly as it had begun, The following is taken 


from an umpublished report by the A. D.M.S. of-the. Division, 


Appe2° . 
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(tb). (dontd.) | 


"All these cases. occurred between Mawlu and Naba, in 


pel8(1h). - a type of jungle which could hardly be called 'scrub', 


App el 
De2 


Appe2 
Pe2 


It varied between tall trees meeting overhead and a 
certain amount of undergrowth, to thick, inpenetrable 
jungle as was encountered at Pinwe", There was no 
evidence to show that there ever had been any local 
populace on the main axis of advance and only a 
limited number of troops patrolled to outlying 
villages, In striking contrast to the carlier 

cases referred to above in the Wingate force, the 
mortality was only 2.6 per cent, 


(c) South Burma Front. (The Arakan), Only a few 
casés of scrub typhus occurred among our troops in 
the :Arakan during 194. Under 30 cases were 
reported up to the end of October, including a 
small very ‘localised outbreak in Cox's Bazaar, 
The valley of the Kalapangzin River, where the 
troops had been mainly operating, was thus not an 
infective focus, In November, however, as 

operations spread into the neighbouring valley of 
the’ Kaladan, nearly 100 cases occurred among the 
West African forces. 


Enemy Accounts of Typhus in Burma, 


It is highly probably that Japanese experience resembled 
our own, and that scrub typhus occurréd among the enemy during 
their occupation of Burma. But from captured enemy documents 
it appears, curiously enough, that the Japanese did not 
recognise the disease as such, The most comprehensive account 
described some 80 cases which occurred mainly in and around 
Mandalay in the Autumn of 1943, The clinical description 
sustained a diagnosis of scrub typhus, Serologically OXK 
titres were low and of 44 results reported only 7 cases 
agglutinated this suspension significantly, Only one test 
for each patient however is recorded, and there is no note 
of the day of the disease on which it was done, The 
mortality was 7.4 per cent, and the gross post mortem 
findings were those of our Burma disease, The results of 
their animal experiments ond the alleged finding of 
rickettsiae in liver and spleen smears from a fatal case 
have cast some doubt on the competence of the authors, who 
concluded that "the discase was a typhus-like illness which 
is identical neither with tsutsugamushi, epidemic typhus nor 
tropical typhus in its narrow sense." (Translation of 
captured enemy document. ) It was also called by the 
Japanese "Burma eruptive fever", . 


After the Japanese surrender, ,Licut.-Col. Hayakawa, of 
the Japanese Medical Service stated that he had later 
examined sera’and guineapigs, inoculated from these Mandalay 
cases, at Singapore. He found high titres against OXK and 
established a strain of Rickettsia. 
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INDIA AND CEYLON 


The Ranchi Outbreak of Harly 1943. 


Thirty three cases of typhus-like fever occurred among 
British troops engaged in jungle training near Ranchi in the 
carly weeks of 1943. The clinical features closely 
resembled those of scrub typhus and were described by 
Bowes (1943). Serologically, the majority of these cases 
belonged to the indeterminate group, with agglutination of 
two or more Proteus strains. They thus differed from any 
series which has been met further east. (See Table 1.) 


Typhus in the Calcutta Area 1942-43, 


Fevers of uncertain origin, conforming to clinical dese 
criptions of scrub typhus, had been reported from the Calcutta 
area as far back as 1912, when Bradley and Smith (1912) first 
suggested a diagnosis of "typhus" for an isolated case, No 
cases had been reported from this area however, for nearly 
twenty years before the outbreak of war. Cases of "typhus" 
in the army were notified from June 1942 onwards, They could hppe9 
be divided into two groups viz. sporadic cases occurring 
throughout the year and a series of unit outbreaks of varying 
size confined to the second half of the ycar (Parker, 194). 

Two examples of the latter are described, (sce Table 1). 

In the autumn of 1942, 16 cases occurred in 2 British battalion 
stationed in Calcutta, Hight of the paticnts were living in 

a large building in a densely populated part of the town, 

With the exception of one, a patient from Ranchi, all cases 
showed well marked agglutination of OXK, and all were clinically 
Similar to those seen in subsequent outbreaks, There were 

4. deaths. This was an instance of scrub typhus breaking out 
in the suburbs of a large town, Eleven cases had occurred 
under similar conditions the previous year among Greek sailors 
billeted in the same area. Sporadic cases during 1942 nume 
bered; 35; The largest unit outbreak occurred the following 
year under conditions more usually associated with scrub typhus. 
In the autumn of 1943, 58 cases were reported among troops 
operating near the village of Jhingergacha, about 80 miles from 
Calcutta, All except 3 were of OXK type. The area, which 
had been vacated by the local population, consisted of patches 
of cultivated land and bamboo clumps, which the troops had been 
engaged in clearing. Troops had occupied the site for several 
months before cases occurred. 


A further 130 cases were reported from Calcutta itself 
during 1943, These were mostly isolated cases and scattered 
over many different units. Lusk (1945) has described the 
Jhingergacha series together with 54 sporadic cases he observed 
in Calcutta during the same period (June - December 1943). 
Clinically all cases from both series were similar and the 
majority agglutinated OXK. They differed from the later: 
cases of scrub typhus elsewhere by absence of glandular swellings 
and local primary lesions. A rash was observed in only 9.6 per 
cent,, but most of the patients were Indians, in whom slight 
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rashes would not have been readily seen. There were 17 
deaths in all, giving a mortality rate of 14.9 per cent 
for the combined series, It is probable that a number of 
milder. cases at Jhingergacha were missed before the true 
nature of the disease was appreciated, 


In 1942 and 1943 among the sporadic cases, there were 
thirty three clinically indistinguishable from scrub typhus, 
but with predominent agglutination of proteus strains other 
than OXK, or with a mixed response (see Table 1). ‘There 
was no fatality among these cases which occurred mainly 
during the second half of each year, 


Ceylon and the Maldives, 


A remarkable outbreak occurred in Ceylon early in 
January 1944, Over 750 cases of scrub typhus resulted from 
a four day exercise in December 1943, in a circumscribed 
jungle clearing in the southern coastal region of the island 
at Embilipitiya, The majority of the cases occurred among 


East African troops (713 cases) but 43 were among the British. 


This outbreak conformed in all but mortality (which was under 
2 per cent) to the scrub typhus of Burma, Local primary 
lesions were noted in a high proportion (85 per cent). 


On the saall island of Addu Attol (Maldive Islands) in 
the Indian Ocean, some 500 miles south-west of Ceylon, scrub 
typhus is endemic, From February to August 1944, 114 cases 
were recorded, which gave a figure of approximately 100 
cases per 1,000 of the garrison per annum. No case was 
reported during the last four months of the year. This was 
almost certainly due to the fact that troops in the carly 
months had been engaged in clearing gun sites, preparing 
ammunition dumps, slit trenches etc, These had, for 
strategic reasons, to be sited in scrub, regardless of the 
typhus risk. Once the work was finished, the incidence of 
the disease rapidly declined, The local inhabitants appear 
to be immune, 


CLINICAL AND PATHOLOGICAL FINDINGS 
i rT Tote oi chee ds Ice That 


An analysis of the signs and symptoms in a number of 
outbreaks in this Theatre has been made by British and 
American workers. In the vast majority of fevers where 
Proteus OXK has been agglutinated, the clinical features 
have been remarkably uniform, though variations have been 
recorded especially with regard to the incidence of adeno- 
pathy, primary lesions and rash, Tattersall (1945) has 
analysed 1,000 cases. His findings conform in all essentials 
to the classical descriptions of tsutsugamushi fever of the 
Japanese writers, Post-mortem appearances, though not 
sufficiently characteristic to be diagnostic, have also 
conformed to descriptions of this disease. Macdonald, 
working at the Central Military Pathological Laboratory at 
Poona, succeeded in demonstrating Rickettsiae in the 
endothelial cells of the precapillaries of the brain, from 
a fatal case from Imphal, These observations were confirmed 
by Lewthwaite, who considered the organisms morphologically 
indistinguishable from R, tsutsugamushi. 
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SEROLOGICAL OBSERVATIONS 


The Weil-Felix Reaction, 


The Weil-Felix reaction has not in our experience, been = App, 13 
superseded as the simplest test for separating scrub typhus 
from other fevers of the typhus group. and has: proved 
technically satisfactory, Table I details.a summary of the 
results of the Weil-Felix reaction in the early. outbreaks. 
From this, it will be scen that in the majority of cases, 
agglutinins to Proteus OXK suspension appeared during the 
progress of the disease, In 1944 also, 91 per cent of sera 
from 2919 cases of typhus, were reported as agglutinating OXK 
in preponderence (Table III). . 


Towards the end of the second week significantly raised 
titres (in excess of 1/125) of agglutinins were usual but peok 
readings were not encountered until the third week, after im 
which titres again fell to reach normal levels by about the 
cighth week or later. Titres of 1: 10,000 (OXK) were found 
on several occasions and one of 1: 64,000 was encountered once 
though figures in excess of 1: 5000 were reiatively uncommon, 
An occasional case diagnosed as typical scrub typhus on 
clinical grounds, gave a negative Weil-Felix response, 


In a minority of cases, agglutinins to OX2 or OX 19 
or to both, either separately or in addition to OXK 
occurred, though not usuelly in titres high enough to cause 
confusion, During 1944, 9 per cent of the 2,919 cases 
examined gave reactions according to the following three groups 
(see Table III):- 


4, Cases with a predominant titre against OX2, (2 per cent) 

2. Cases with a predominant titre against 0X19 (3 per cent) 

3. Cases with a mixed agglutinin response to two or more 
suspensions ( per cent) 


In the outbreak reported from Ranchi (Bihar) in 1943 the 
majority of cases agglutinated OX19 and OX2 to high titres. In 
Calcutta, cases with a predominant 0X19 response occurred 
sporadically and the existence of stich serological varieties 
of typhus in India is of coursc well known (Boyd 1935). 


Sera of different titres were selected from cases of the 
first outbreak at Imphal and submitted to laboratories in India 
and elsewhere for confirmation. Reports on 11 sera examined 
in the United Kingdom (Army Emergency Vaccine Laboratory), 
Washington (The National Institute of Health, Bethesda) the 
Cairo (Central Pathological Laboratory M.E.F.), were in general 
agreement with our field laboratory results (see Table IV). 


Rickettsial lutination 


Rickettsial agglutination tests using antigens prepared 
from louse-borne and flea~borne strains of typhus, were 
carried out by the Army Emergency Vaccine Laboratory (through 
the courtesy of Major-General L.T. Poole) and by Major C.E. 
van Rooyen, R.AM.C. at Cairo. . Unfortunately it has been 
impossible hitherto to prepare a suspension of R, tsutsugamushi, 
with which agglutination tests can be performed, 
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In all, eight sera from typical cases at Imphal were 
examined, Van Rooyen found that agglutination, described 
as 'slight' occurred to a titre of 1 in 400 ogninst a strain 
of flea borne typhus in one of the three sera submitted to 
him, All five scra cxamined at the Army Emergency Vaccine 
Laboratory, showed only traces of agglutination in low 
dilution against one or other antigen prepared from louse- 
borne and flea=borne strains. The highest titre observed 
was a ‘trace! of agglutination against a louse=borne strain 
in a dilution of 1 in 80 which occurred in one case, The 
results are given in Toble IV, It was concluded from these 
results that "the low tifres obtained and the poor quality of 
agglutination did not suggest any antigenic relationship 
between the 0X19 and the OXK groups of typhus". (Report 
from the Army Emergency Vaccine Laboratory 194). 


Rickettsial Complement Fixation Tests 


. Complement fixation tests were carried out on eight 
sera, also taken from Imphal cases. Five were examined at 
the Army Emergency Vaccine Laboratory, where only louse- 
borne and flea~borne strains were used in the preparation 
of antigens, These sera failed in all cases to fix 
Sie Ne with these antigens in the lowest dilution tested 

1 ari) 


Three sera were examined at the National Institute of 
Health, Bethesda, using antigens prepared from louse-borne 
typhus, flea-borne typhus, Rocky-mountain spotted fever and 
scrub typhus strains. The scrub typhus strain, originally 
isolated from a case in New Guinea, was that known as the 
‘Karp! strain, which came into prominence in connection with 
the preparation of the lung=-tissue vaccine against scrub- 
typhus, later to be used in this Theatre, * All three 
sera examined fixed complement to high titre with the antigen 
prepared from the 'Karp' strain, Results were uniformly 
negative with all other antigens(See Table V). - From these 
results it was concluded by Topping (19/J.) that the Imphal 
cases were "immunologically closely related to those occurr- 
ing in New Guinea and called ‘scrub typhus'. 


ANIMAL EXPERIMENTS. 


In December 1943, an appeal was received from the 
American Typhus Commission then in Cairo, for strains of 
Rickettsie from scrub typhus cases, At that time no such 
strains were being maintained in India or the United Kingdom. 
In December 1943, Major Parker working in Caloutta, succeeded 
in demonstrating scanty rickettsial bodies in guinea pigs 
inoculated by one of us (M.H.P.S.), with ground blood clot 
taken from cases at Imphal, and had produced a specific 
iridocyclitis in rabbits by injection of infected guines pig 
peritoneal fluid into the anterior chamber of the eye, At 
about this time we were fortunate in obtaining the assistance 
of Dr. S.R, Savoor, who had collaborated with Dr, Lewthwaite 
in pioneer work on scrub typhus in Malaya. Following the 


same technique (Lewthwaite and Savoor 1936) Parker and Savoor 


* An account of field trials of the vaccine, giving inconclusive results because 
of the low incidence of scrub typhus encounterod during the trials, is publishec 
by Card, Wel. & Walker, JeMe (1947): "Sorub Typhus Vaccine ~ Field Trials in South 
East Asia." Lancet, 1 (13): 481. ~ JRA. 
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readily established strains from the Imphal and Calcutta 
cases in rabbits and white mice, by passage from guinea-pigs 
inoculated intraperitoneally with human blood drawn early 
in the disease, The virus was also established in the 
rabbit by inoculation of infected human blood direct into 
the anterior chamber of the eye, It was: thus possible to 
meet the request of the American Typhus Commission, to whom 
strains were despatched in rabbits, early in January 1 Phd. 
There was no difficulty subsequently in establishing strains 
from all the main outbreaks by the same procedures. 
Representative strains from the Burma border (Imphal cases) 
and Bengal, were despatched for further study to van Rooyen 
at Cairo, where after further passage, they were sent to the 
United Kingdom, Strains have also been sent in white mice 
to Dr. Craigie in Toronto. From reports by Parker (19) 
Lewthwaite and Savoor (personal communications to M.H.P.S. ) 
the strains isolated were indistinguishable in their 
experimental pathology from those isolated from scrub typhus 
elsewhere and known as R, tsutsugamushi. Van Rooyen and 
Danskin (1944) transmitted the infection to Egyptian rodents, 
using the gerbille and Jerboa, in which the appearance of 
the organism was stated to be identical with that described 
by Lewthwaite and Savoor (1936) in Malayan scrub typhus. 


DISCUSSION 


The widespread occurrence of scrub typhus in the Eastern 
Theatre is one of the most notable features of the medical 
history of the recent war, The experiences in Burma des~ 
eribed above have been similar to those of the Australians 
and Americans in the Pacific Theatres, 


It appears that the discasc has existed "silently" in 
widespread areas in this part of Asia, as a rickettsial Appe2 
infection of mites and their rodent hosts, (Lewthwaite 1945). Ded, 
The sudden invasion of these areas by men in unprecedented ApDe9 
numbers, has led to the partial supplanting by man of the Deli. 
rodent as a host, with the consequent flare-up of the human 
disease, Thus serub typhus may be said to be essentially 
an "occupational" disease, and cases occur only when 
circumstances require man to enter such infected oreas, In 
climates such as those of Malaya and Addu Atoll, where there 
is no marked wet and dry season, cases occur throughout the 
year, In monsoon climates such as that of Burma, the risk 
of entering infected areas is associated with the rainy 
season, The reason for this is probably connected with 
factors associated with the life cycle of the mite and Appe3 
cvidence from current work of the Scrub Typhus Research De5 
Laboratory in South East Asia, indicates that the density of Piged 21,3 
the mite population on rodents trapped in infective areas 
near Imphal, is significantly higher in the wet than in the 


dry season (personal communication to M.H.P.S. from bt Gol, 
Audy, R.A.M.C. ). 


The frequent suggestion that the Japanese invasion was 
responsible for the spreading of the infection is untenable, 
because the disease has occurred in many localities which have 
not been occupied by the enemy. 


Appei5 
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From the investigations carried out on cases of the OXK 
serological type in different epidemics in this Theatre, this 
disease appears to be identical with tsutsugamushi fever, 

As far as is known there are no essential differences 
clinically or serologically between tsutsugamushi disease and 
scrub typhus as found elsewhere, 


The precise nature of the other serological types of 
typhus-like fevers found in this Theatre is obscure, They 
have formed a small and numerically unimportant minority of 
the cases reported, and have occurred sporadically throughout 
the greater part of the area, By analogy with descriptions 
of typhus-like fevers elsewhere, it may be assumed that the 
cases with a preponderating agglutination of OX19 are 
probably endemic murine flea=-borne typhus, while those with 
a mixed response probably belong to the same group as one 
form of endemic typhus that occurs in Southern India, which 
may in fact be a member of the tick-borne Rocky Mountain 
Spotted fever group. Cases with a predominant OX2 response 
probably also belong to the same group and do not form a 
separate entity. A recent report on the results of complement 
fixation tésts carried out on sera from three cases of the 
indeterminate group, seen in Mysore, indicate that such cases 
are immunologically sinilar to the Rocky Mountain Spotted fever 
group (Topping, Heilig and Naidu 1943). 


While the typhus group of fevers of Eastern India and 
Burma can be readily grouped according to the predominant 
Weil-Felix response, it is curious that conclusive direct 
evidence for the incrimination of the various insect vectors 
concerned in these diseases, is lacking. * 





* Since this paper was written, more information has accumulated about the 


various arthropod vectors, including the isolation of a Rickettsia apparently of 
the Rocky Mountain spotted fever group fron ticks in Manipur: Reference should 
be made to Appendix 17 and to the discussion of the typhus group of fevers in the 


epideniological review contained in the present report. = JRA. 
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SUMMARY. 


1. Outbreaks of serub typhus in Bengal, .ssam, Burma and Ccylon 
during military operations in 1941 - 44 are described, 


26 Thoir relationship to scason and terrain and the striking focal 
nature of infcctive localitics are discusscd, 


D3e The a iaeetetoctaied of the discasc as aanoribed by various 
workers and confirmed by the authors! expericnce are indistinguishable 
from those of tsutsugamushi fever of Japan as described in the 
Litcraturc. 


he Serological studics showed . predominant OXK agglutination in the 
great majority of cascs, The significance of the agglutination of 
other suspensions is. discussed. 


De Rickcttsiac demonstrated in the brain ore . fatal case of scrub 
typhus, were Dashes seo pms Ree Ps morphologically fron 


6. 4, Study of rickettsial agglutination did not suggest any antigenic 
relationship between the OX19 & OXK groups of typhus, 


Te Rickettsial complement fixation tests confirmed that the scerun 
typhus on the Indo~Burma. border is a closely LS bee 
to the scrub eer of New Guinca. 


8. Strains of Rigkettsiac have been Dei eced from cases occurring in 
Calcutta, Imphal, Ceylon and Burma. Laboratory: investigations of 
strains from Calcutta and Imphal’, both in India and: the United Kingdom, 


have shown them to be indistinguishablo from R, tsutsugamushi, 


9% It is motes deren: that clinically, serologically and bacteriologi- 
cally, the scrub typhus of this Theatre is identical with the 
classical tsutsugamushi discase, 
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{J Se ee eee 
491.3 Jhingergacha Waste-land Brigade June=Dec 58 95% 5% 
(near Calcutta) among paddy ee fe | 
villages 
( : 
( | : 
( 1913 Ranchi Wastesland Battalion Jan By Nil nearly 
( near foot- 100% 
hills. 
CEYLON 4 9h2. Embilipitiya Abandoned 
clearings Division Jan 756 Majority of 
ta Sera tested Nil 
MALDIVES 1944 Addu Attol Serub within 2 Battalions Feb-Aug 414 
coastal fringe 
* of palms. 
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MORTALITY OF SCRUB TYPHUS IN FOURTEENTH ARMY 
194d. 


Month Total | Total Case Mortality per cent by Categories. 
Meidiheey da oo B.O.Rs. | I.0.Rs. | E.A.O.Rs. 








2.6 Nil 

- Nil 

be Nil 

1.0. 0 Nil 

June OE eal - Nil 
July 20.2 Nil 
August wane 19.5 he 3 
September 18.9 42.55 
October + LO 57. tend 
Ae. 76 Wage 1) eon 

+ Incomplete. 
TABLE III 





ANALYSIS OF POSITIVE WEIL-FELIX TESTS CARRIED OUT IN LABORATORIES OF 


of Cases — 0X19 Mixed 


of Cases 72 119 


cent (Approx) aia h 
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TABLE IV 


Results from Agglutination tests using Proteus 
Rickettsial antigens, carried out in different laboratories 
on sera from cases from the Indo-Burma bordcr. 





; Inphal Cairo 
Laboratory Laboratory 
(Parry) (van Rooyen) 


nye NNN Ne Tones aeenennaail 





Antigens : Antigens 


: preas F a 
OX19 | OXK Ox19 | OX2 | OXK | Epidemic iurine 
Rickettsiae! Rickettsii 


Patient's name 


4.  Gulbat Khan 25 | 10,000 | 50 50 1 6,400 - 1.00 
2. Keen 0} 5,000 © 0} 6,400 ~ - 
3. McEltham 0 560 @) 0 500 - i 
; Imphal Emergency Vaccine Laboratory, 1 
Laboratory » | United Kingdom 
(Parry) 


Antigens Antigens 





| 
OX19|} OXK OX19 | OX2 | OXK Epidemic Murine 


Rickettsiae 





Patient's name 





1, Talbot 0 
fe cane LL 0 
5. Mfoullae 0 
1) dhe Hodge 25 
5. Bowditch 1) 
i Imphal Washington 
Laboratory | ‘Laboratory 
(Parry ) (Ida Bengston) 
Antigens 
ox19| OXK OTSA ORE | ORR ae 
{ i 
t+ Meee? 
Patient's name | ) , 
4. Nur Hussain 0 64,000 | 160 | - | 20,480 | 
Rickettsial 
2. Cotterell fe) 4.0, 000 0 20,480} Agglutination 
| not done. 
3. Wise 0 2,500 420 ah 2,560 
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Patients Name 


TABLE V. 


ne ees 


Serial- No. 


Results of Complement fixation tests carried out at National 


Institute of Health, Bethesda, by Dr. N. H. Topping on 


Convalescent sera of cases from Indo-Burma border. 


1/h, 





1/8 


COMPLEMENT 


1 cen ne cee the Ser RC te ONO See nn ene Beary 


1/16 


aioe 


PIXATION 


1/61 





TITRES. 








14-26 


1/256 


1/512 


1/1 02h. 


Weil = Felix 





1/208 
Ox~19 OX~K 





Cook Nur Hussain 





intigen: 


+ Rocky iit. Spotted fever 


Indemic Typhus 
Epidentic Typhus 
Scrub typhus (Karp) 


Pte. Cotterell 


Antigen: 
Rocky Mt. Spotted fever 
Endemic Typhus’ 
Epidemic Typhus 
Serub Typhus (Karp) 


Pte. Wise 


Antigen: 
Rocky Mt. Spotted fever 
Endemic Typhus 
Epidemic Typhus 
Serub Typhus (Karp) 


10870 


2067330 


5624329 


ttt 


bt 


t+ 


tt 


tet 


4+ 


bk 


++++ 


tht 


shh 


eb 


“bb 


tb 


seek 


O 
0 
0 


ee 


+++ 


bbe 


0 
O 
O 


+. 


+t++ 


++4+ 


6) 
O 


) 


tetpe 


Oooo 


$+ tt 


0 
0 
0 
+44+ 


OO00 


oO O © 


12160" 42) 20; b6C 


O 
6) 
0 
t+ 


: 
as 


20, 48¢ 


oOO0O0 


43120 4: ~ 2, 56 


Oy Oo) 
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THE MEDICAL RESELRCH COUNCIL SCRUB-TYPHUS COMMISSION 


16 THE IMPACT OF SCRUB-TYPHUS ON THE ARMED FORCES IN S.E.A.C. 


The decision of the Allied Command to invade Burma through 
its Western border, and to press the campaign through the monsoon 
period, was taken with the full realisation that casualties from 
tropical diseases would far exceed battle-casualties; it being 
confidently held that the Allied medical resources so surpassed 
those of the enemy that, whatever our losses due to tropical disease 
might be, those of the enemy would be much the greater. 


That this realisation was well-founded was exemplified by the 
mounting incidence of an obscure tropical disease, Serub=-Typhus, 
which by the end of 194.3 had become a major medical hazard to men 
and morale. 


This acute infectious fever, of some fifteen days’ duration, 
is caused by a germ, the Rickettsia tsutsugamushi, inoculated by the 
bite of larval mites which feed predominantly on wild rodents, 
especially rats. As a "silent" rural infection of mite and rat, 
it had in pre-war days rarely obtruded, for few were then at risk, 
But when troops in their thousands, as the tide of jungle warfare 
dictated, became of necessity exposed to the infected mites, supplanting 
the rat as host, the incidence of the disease soared, especially 
during the monsoon. Small outbreaks in "islands" of infected 
countryside studded combat and training areas. Notable large out- 
breaks that occurred at the outset of the projected campaigns of 
19h—191.6 alarmed medical and combatant commanders alike, As 
portents, they compelled attention and demanded counter-measures, 
The occurrence of 4,000 cases with 10 per cent mortality in the 
XIVth Army during the period June-December, 1944, brought early 
justification of this alarm, 





The recognition that counter-measures, to be specific and 
timely, required instructed direction prompted the appeal for 
"specialist" aid by the Supreme Allied Commander, S.HeA.C., to the 
War Office in November, 1943. The problem came for review before 
the joint War Office-Medical Research Council "Typhus-Committee". 


2. PREVIOUS RESEARCH 


Scrub-typhus, as "tsutsugamushi" (i.e, "disease-mite") had 
long been known in Japan and China; in the former country the 
mortality-rate was 15-50 per ‘cent, From 1879 onwards investigators 
in Japan and Formosa had recorded certain salient facts of its 
epidemiology and causal organism; Dutch workers in the Netherlands- 
Indies added more. In 1924. Fletcher and Lesslar at the Institute 
for Medical Research, Kuala Lumpur, first identified the disease in 
Malaya; their findings gave precision to its laboratory diagnosis 
with consequent great impetus to research on the disease throughout 
the Far East. Their successors at the same Institute elucidated 
its experimental pathology. 


At'the outbreak of the Japanese war there was thus a consider- 
able sum of knowledge available, albeit disjointed, on which to plan 
further investigations and to devise counter~measures. Its broad 
distribution was defined, viz, an arc drawn on a map of the Far 
East, from Assam, through Ceylon, Malaya, the Netherland~Indies, 
Queensland, New Guinea, French Indo-China, Formosa to Japan; the 
clinical picture had been recorded; the nature of the causal 
organism was known, and its cultivation in laboratory animals had 
been satisfactorilyestablished; the few attempts at vaccine 
preparation in Malaya had failed, There were, however, large 
lacunae in our knowledge of the epidemiology of the disease. ind 
familiarity with the disease in ward, field and laboratory was 
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restricted to a few specialist workers, some of them captive in 
countries overrun by the Japanese. 


When the imminence of war in the Far East necessitated the 
despatch of British forces to Burma and Malaya, the menace of this 
jungle form of typhus fever had not escaped recognitions In 
December, 1941, at a conference held in London between the War Office, 
the Medical Research Council, and Col..C.H. Kellaway, Director of 
Pathology, Australian Army, decisions were taken that resulted in 
Dr. Re Lewthwaite, Senior Pathologist, Institute for Medical Research, 
F.MeS-, being flown from Singapore tc Melbourne in January, 1942, 
taking with him the laboratory animals infected with scrub-typhus 
necessary for attempted vaccine production. During 1942-43 this 
work proceeded along lines then considered to be the most promising, 
viz, the cultivation of the virus of scrub=-typhus in the yolk-sac 
of the fertile hen's egg, which had proved so successful in the 
hands of Cox in the U.S.A. in the case of the louse-bormme, flea=borne 
and tick-borne groups of typhus fever. 


de ORIGIN OF THE SCRUB-TYPHUS COMMISSION 


The response of the Typhus Committee to the appeal for 
assistance in S.H.AeC.e was to despatch Dr. R. Lewthwaite to that 
theatre, as Field Director of a Scrub-typhus Commission, the original 
members of which were Dr, Kenneth Mellanby and S/Ldry Charles Radford, 
ReAeFe, both entomologists. Dr. Lewthwaite travelled to the United 
Kingdom from Australia by way of the United States of America, where 
he made valuable contact with American workers at the National 
Institute of Health and the U.S. Naval Medical Centre at Bethesda, 
and with the Rockefeller Institute in New York and the Walter Reed 
Army Medical School in Washington, all engaged in intensive research 
into vaccine production for scrub-typhus, in response to an appeal 
for assistance from General Douglas MacArthur's Headquarters consequent 
on a high and unexpected incidence of the discase in the island 
campaigns of the South-West Pacific theatre of war. 


The Commission arrived at HQ, SACSEA, in July, 19. 


It early became necessary to decide whether the three members 
of the Commission should restrict themselves to the propagation of 
known facts and counter-measures, or whether intensive and comprehen= 
sive research should be initiated in order to attempt to fill the many 
lacunae in our epidemiological knowledge. The latter view prevailed; 
for the impact of war had given special purpose to such research, and 
had provided a proving ground for whatever findings might ensue Funds 
would not be lacking, A main field laboratory was therefore éstablished 
at Imphal, to which H.Q. ALFSEA and G.H.Q (India) contributed selected 
individuals, 


For some months S/Ldr. C.D. Radford maintained a field laboratory 
on Addu Atoll, in the Maldive Islands, the scrub-typhus outbreak on Page 7 
which is described by Lt. Cole M.-P. Sayers, O.B.E., elsewhere in this 
report. Collaborating with him was the G.H.Q.(I) Field Typhus 
Research Team commanded by Major S.Le Kalra, IeAeMeCe 


In due course it became evident that this wide dispersion of 
available specialists was unprofitable; and the Addu Atoll Laboratory 
was withdrawn and merged with the main laboratory at Imphal, 


The complete staff was as. follows: 


— 


App.e8 
(Parker) 
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Civilians: 


Dre Kenneth Mellanby - Deputy Field Director, Scrub-typhus 


Commission. 
Dr. He Ce Browning * - Experimental Biologist. 
Mr. K. Cockings - Friends! Ambulance Unit. 
Mr. Gordon - Associate of Dr. Browning. 


Service Personnel: 


Lte Col. Je Re Audy, RAMC - Military 0.C. of the laboratory. 
S/Ldr. C. D. Radford, RAF - Entomologist. 

F/Lt. A. As Bullock, RAFVR Botanist. | 

Major H. M. Thomas, RAMC = Experimental Biologist, 

Capt. He C. Steward, RAMC - Administrative Officer and 


I goats 
Quartermaster, 


G.H.Q. (I) Field Typhus .Rescarch Team: 


Major Se Le Kalra, IAMC - Pathologist. 
Major M. Le Roonwal, IAMC - Deputy Director, Zoological Survey 
of India, 


Technicians and General Duty personnel: 
Twelve non-commissioned officers. 


The premature cessation of hostilities was quite unforeseen 
when the decision was taken thus to broaden the range of activities 
of the Commission, However, the emergence from the laboratory 
work at Imphal of many interesting findings induced the military 
authorities to maintain the laboratory in the Imphal area until 
March 1946, some months after the area had been evacuated by troops. 


lie THE SALIENT: PROBLEMS CONFRONTING THE COMMISSION, AND THE 


Toners noneeaenetennn eee a A LT A RS NN 


ACTION TAKEN 
These were twofold: 
(i) Definition of the Precise Nature _of the Disease 


The typhus group of fevers comprises four main types, 
vize louse=borne, flea-borne, tick-borne and mite=-borne. 
Each would demand counter-measures peculiar to it; 

hence the importance of accurate and early identification 
in the present instance, Doubt was soon dispelled by 
the isolation in mice, guinea-pigs and rabbits of strains 
of the causal organism, the Rickettsia tsutsugamushi, by 
the inoculation of material from patients. This 
observation, made by Major M, T. Parker, RAMC,in Calcutta, 
and confirmed by Dr. 5. Re Savoor, at once established 
the disease as scrub-typhus, Observations of the signs 
and symptoms in the patients were confirmatory. 

In passing, it is of interest to record that the 
Japanese, who suffered thousands of casualties from this 
disease in Burma in 1943 and 1944, were at first completel 
misled by it; in their perplexity they called it 
"Burma Eruptive Fever"; they considered it to be flea- 
borné, and recommended incorrect countermeasures in 
consequence. Not until the middle of 1941. did they 
identify it as their own tsutsugamushi disease. 


* A brief narrative of the recruitment of the staff of this ad hoc laboratory, by 
Lt. Cole Je Re Audy, is givon clsewhere in this report. (Pages 55 to 58) 
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In due course ficld work by members of the Commission 

in infected areas, as far-flung as Imphal in Assam and 
Addu Atoll in the Indian Ocean, repeatedly and consistently 
recovered the known Malayan vector mite, Trombicula 
deliensis, from jungle rodents; some of these mites 
yielded strains of the causal Rickettsiae. 





(ii) Application of Counter--measures 


In their widest sense these included education, liaison 
with other research teams, mite-avoidance, and the 
application of such specific counter-measures as were 
known or could be evolved by immediate research in the 
field and base laboratories. 


(a) Education: Whereas in the case of malaria the soldier 
was aware of the nexus between the disease and the 
mosquito, and seeing the latter he comprehended the 
occurrence of the former, in the case of scrub-typhus 
the situation was otherwise. The larval mite is 
minute, feeds for only three days, and causes no 
irritation; so that the victim is entirely unaware 
of having been bitten. The objective impression of 
the disease in the mind of the soldier was that formed 
by seeing first one, then another, of his unit carried 
down the line, with high fever and a cyanosed and 
drunken appearance; later he heard of the considerable 
death-rate, and was left with a depressing impression of 
a Silent enemy against which he was helpless. That he 
frequently occupied foxholes lately vacated by Japanese 
suggested to him strongly that the disease was being. 
deliberately "sown" by the retreating enemy. | 

To. counter this psychological effect,.an energetic 
campaign designed by lecture, film and poster to strip 
the disease of its imputed mystery was launched, A 
cine-film showing the life-history of the mite, its 
habitat, the technique of certain counter-measures, and 
other relevant features, was made under the direction 
of Dr. Kenneth Mellanby.. The anti-malarial organisations 
were utilized to disseminate information as to those 
counter=measures known and in prospect. Frequent 
interviews and lectures at Army Headquarters at different 
levels were given with the same end in view. 


(b)} Liaison with other Investigators: At the time of the 
inception of the Commission, investigations of the many 
aspects of the scrub-typhus problem had already begun 
in various laboratories in India, Ceylon, the U.S.A., 
Australia and Great Britain. ‘Of those concerned with 
the virus and vaccine production, more will be said 
below. Of those concerned with the vector, amongst 
the most important were those. of the Australian ento- 
mologists, in the field. by McCulloch and his team, in 
the laboratory by Womersley, In the autumn of 19). 
Dre Kenneth Mellanby and S/Ldr.. Radford visited 
Australia and New Guinea, and there learned at first 
hand the valuable progress made in the use of the 
mite=-poison, di-butyl phthalate, referred to in more 
detail below, They made contact also with a team of 
American investigators in New Guinea. 

Late in 1944 an American Scrub-typhus Commission, 
led by Colonel Thomas T. Mackie, M.C., AUS., established 
a field laboratory at Myitkyina, North: Burma, in which 
area American forces were operating, By a interchange 
of visits the most cordial co-operation was attained 


(c) 


(a) 
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between the two Commissions. 
Contact was also maintained with Mr. H. F. Carter, 
Government Entomologist, Ceylon, Dr. S. Re Savoor, of 
the Haffkine Institute, Bombay, and the G.H.Q. (India) 
Base Typhus Laboratory, Poona, all studying some aspect 
of the disease. 


Anti-Rat: Outbreaks of the disease have usually been 
associated with the presence of an abundant rat popu- 
lation, Obvious sites. for camps or bivouacs are areas 
of secondary jungle, ie¢ areas once cleared of primary 
jungle by the indigenous peasantry for the planting of 
grain or other crops, and abandoned by them when the 
fertility of the soil declined, Such areas become 
infested with rats, attracted by a ready food supply; 
and with the rats come their parasites, the mites. 
After feeding, the larval mites leave the host, and 
completion of the life-cycle takes place in the soil in 
the vicinity. Should either the rats or the larval 
mites be infected with the causal organism and the 
terrain permit the mite colony to thrive, the establishment 
of the area as a "scrub-typhus island" is assured, 
Investigation made at the Commission's Imphal 
laboratory elucidated a point hitherto obscure,. namely 
whether a larval mite, that owing to the death of its 
rodent host detaches when only partially fed, will at 
once undergo moulting to the harmless nymphal stage, 
or will first resume its feeding on another host, which 
in the case of a camp-site might well be man, It was 
found that larvae that had fed for less than one day 
prior to leaving their host would reeattach and continue 


to feed, Instructions that the killing of rats must be 


followed by immediate disposal of the rat and its attached 

mites by burning wer> accordingly issued in the field. 
Earlier field work in Malaya had failed to reveal 

any practicable method of reducing the rat population of 

plantations, other than by unremitting organized rat- 

hunts. Success with poisons and "viruses" had been 

fleeting, It was not to be expected, therefore, that 

the scrub-typhus menace could be appreciably mitigated 

under campaigning conditions by schemes of rat-destructione 


inti-Mite: The counter-measures of this nature that were 
advocated fell broadly into two categories, mite-avoidance 
and the application of mite~poisons. 

Mite~avoidance: There were many methods of proved 


‘worth. One, the use of local labour in the dangerous 


task of clearing scrub, rested quite securely on the 
observation in many known sites that indigenous populations 
are much less susceptible to scrub-typhus than are 

recent intruders; it is inferred, and is probably true, 
that attacks of the disease in early childhood, which are 
usually mild, have conferred an immunity. Others rested 
on thé fact, and in degree are limited by the fact, that 
the larval mites prefer conditions to be humid, and will 
burrow into the soil should conditions become excessively 
drys Thus the "civilizing" of an area by the cutting 

of paths, and by the strewing of such paths and tent 
floors with sand, will lead to a fall in incidence. The 
used of improvised hammocks, where feasible, was also 
ceffectivee Bulldozing a camp-site would remove mites 
in proportion to the degree of thoroughness applied, and 
was a procedure much favoured by the American forces. 


i 


Page 26 | 
MeReC. Typhus Commission 


(Lewthwaite) 
Mite=Poisons: The work of McCulloch ahd his colleagues 


in Australia on the evaluation of mite-poisons gave to us 
our most: effective single weapon against scrub<typhus. 
Of the many substances tried, DDT, dimethyl phthalate and 
dibutyl phthalate, were the most promisinge Uniforms 
impregnated with one or other of them were washed in 
different ways (with hot or cold water, with and without © 
soap, etc.), and for a varying number. of times; and 
were exposed to direct sunlight, to rain, ta muddy water, . 
and so forth, Under each set of conditions the "stopping~ 
time" of those larval mites suspected to be vectors was 
observed. The conclusions of these cbservers were that 
all three substances poisoned mites; and that dibutyl 
phthalate, in virtue of its persistence in spite of six 
or seven washings, was the most cffective, — 

Field observations established that. by its use fully 

i 75 per cent of cases could be averted, 

A late observation by American workers in the Panama 

i Canal Zone, and confirmed in the Commission's Imphal 
laboratory, was that the similar use of benzyl benzoate 
bid’ fair to: be equally as efficient in. the field, 


(e) Anti-Rickettsial: Against the established rickettsial 
. infection in man, penicillin and the chemotherapeutic 
agents, methylene blue and para-aminobenzoic acid, 
have entirely failed; the two latter in spite of very 
promising results in animal tests. 
The development of a cotton rat lung vaccine has 
been described elsewhere, Its evaluation was prevented Fulton and 
by the dramatically sudden ending of hostilities. Its Joyner (1945) 
application to the disease in-the civilian population 
of Malaya, and in the greatly reduced armed forces in 
South-East Asia in the immediate post-war period is now 
under observation, The immediate effect of the — Card and 
cessation of jungle warfare, and of the decimation of Walker (1917), 
labour forces during forced labour on the Siam=Burma 
railway, was greatly to reduce the incidence of this 
"occupational" disease; so that: evaluation of the 
efficacy of the vaccine will be very protracted. 
That the vaccine would prevent the incidence of the 
disease was not to be expected; that it might reduce 
the death-rate was a reasonable expectation. 


This report would be incomplete were mention to be omitted 
of those laboratory and field workers who contracted the 
disease during 1942=191.5, 


Prior to 1939 only four recorded cases of laboratory 
infection with tsutsugamushi were known to the writer, . They 


were in Japanese and Dutch workers; two of ‘the four were fatal, 


During 1912-1945 there were fourteen such cases that came 
to the writer's notice, Three were ficld workers, two of them 
members of the Commission's field laboratory in Imphal; all 
recovered, Eleven were engaged in laboratory "bench=worktt 
in connection with vaccine production; three of them died of 
the infection, one in Melbourne, justralia, one in Bethesda, 
Maryland, UeSeAe, and one in the Rocky Mountain Laboratory, 
Hamilton, Montana, U.SeAs 


Six of the fourteen cases had been "vaccinated" against 


| Serub-typhus with a full course of the experimental cotton=rat 
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lung vaccine; all six recovered. 


Eight of the fourteen were "unvaccinated", and it was amongst 
these that the three fatal cases occurred. 
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A. REVIEW OF INVESTIGATIONS ON_THE EPIDEMIOLOGY OF SCRUB TYPHUS IN 
SOUTH EAST ASIA 
INTRODUCTION 

(4) -The Situation at the Beginning of Hostilities 

The object of this review is to link into a consistent account 
what was known regarding scrub typhus at the beginning of hostilities, 
and the heterogeneous collection of findings discovered during the 
course of investigations by the team based an Imphal, near the Indo= 
Burma border, In order to preserve continuity, general statements — 
are supported by marginal references to the various detailed papers 
contained as /ppendices in Parts II and III of this Report, and 
certain sections are included in small type. 


At the: beginning of hostilities, casualties from scrub typhus 
were expected, It was known that Scrub Typhus (Tsutsugamushi 
disease, Flood Fever or Japanese River Fever) is Apparently confined 
to South Bast Asia and the Pacific region, being an accidental 
infection of man by a rickettsia, Re tsutsugamushi or 2. orientalis, 
which is symbiotic in certain trombiculid mites and which produces a 
silent or ‘inapparent' infection in the small mammals upon which 
the larval mites are parasitic. 


serub typhus was also known to be distributed in restricted 
foci, which the Japanese called yudokuchi or ‘noxious areas', and 
this tended to make scrub typhus an occupational disease, a feature 
of obvious and considerable military importance. Endemic foci 
were reported frequently to be in river valleys, to which they were 
indeed confined in Japan, whilst in Malaya scrub typhus was 
recognised to have a rural distribution, persisting in circumscribed 
areas of waste, grass-covered*, grazing grounds and in neglected 
estates, thus contrasting with the urban distribution of the flea- 
borne typhus. In Formosa, the disease was particularly frequent 
in valleys, near villages and plantations, and also apparently in 
forest, while in the nearby Pescadores, scrub typhuswas "domestic" 
and confined to grassy patches in the native gardens, The 
occupational incidence in the latter fell on the native children, 
in the former on the adult males whose occupations of farming, | 
foraging or fighting led them into contact with infected areas. 


The disease was strictly seasonal in its distribution in Japan 
and Formosa, but this was apparently not so in Malaya, 


Two major vectors of the disease were recognised, the mites 


aon ope acer en err a ernment 


species. In addition certain other species of the same and other 
venera were suspected of carrying the disease, one of these 
(Schngastia schliffneri (Walch)) being definitely incriminated as an 


exceptional vector. 


It was know that the larval mites alone were parasitic on small 
mammals, while the adults and nymphs were thought to be vegetarian, 
living in the soil and feeding on decaying organic matter or plant 
juices. It was also inferred that because the larvae fed but once, 
on lymph or the products of histolysis of the skin of their hosts, _ ) 
infection must therefore be transmitted hereditarily or "transovarially"*+ 
from parent mites to their offspring, and in the case of T,akamushi 
at least, this was proved to be so by Japanese workers. A similar 
situation was known to exist in the case of the rickettsiae of 
spotted fever in /merican ticks. tn et ER ANE RE dee 
* Lalang « a thoteheeross, Inperata cylindrica 
+ The word "horeditartlyt should {mply concern with the chromosone mechanism, which is not | 

the case, while !congenital! should imply an event or feature nore concerned with the | 
process of development or birth. 'Transovarially', that is, through the eg when a 
egg 1s looked upon as a stage in the lifecycle and not as a spherical ones is ee : 
by the writer; it has been employed by the American writers in the paste ‘Perovarta ly 


would perhaps be more fitting etymologically. 
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Tsutsugamushi infection had been recovered from infested voles 
and rats in Japan and Malaya, and the locally prevalent hosts of the 
vector were generally considered to be reservoirs of the infection. 


& major difficulty in the way of investigating: the disease lay 
in the virus-like nature of the organism, which necessitated a 
troublesome laboratory technique and considerable experience for 
its establishment. That strains of k. tsutsugamushi differed 
slightly from place to place was suspected because of the locally 
varying incidence of primary lesions and cther clinical features. 
A varlety of vectors had been suspected for the same reasons. 


This then was the situation at the berinning of hostilities. 
It was clear that a number of important lacunae in knowledge awaited 
attentions 


(2) Early Problems 


From the point of view of the epidemiologist in the Indo-Burma 
theatre, there were five major problems to be clarified, 





(a2) The exact identity of the disease in the war theatre 
required confirmation. 


(b) Of the distribution of the disease, almost nothing was 
known which would allow even of guesswork in the 
anticipation of casualties, while its relationship to 
terrain was uncertain. 


(c) The vector or vectors in the Inda-Burma theatre were 
not known, It was not even considered safe to assume 
that the vector was necessarily o mite. 


(a) The bionomics of the mites had not been studied, The 
adults and nymphs were thought to be vegetarian, 
following Japanese workers, while almost nothing was 
known of the habitat of the vectorse Even the classi- 
fication of the trombiculid mites was unsatisfactory 
and in an early stage of development, being based wholly 
on larval characterse 


(e) |The importance of rats and other small mammals as reservoirs 
was unknown, and all opinions rested on hypothesis. The 
species of rodent concerned in this theatre were unknown, 


In the early stages of war-time investigations, the epidemiological 
picture became more confused, while the situation rapidly grew more 
serious. The chief lesson, dearly learnt, was the very wide 
distribution of the disease, and the heavy incidence in units which Page 31 
entered the endemic areas. The disease was even encountered in 
areas which had previously been considered fairly free, such as 
Calcutta (see page 6 above) and Ceylon. Before 1943, scrub typhus 
had not been recorded from the Hambantota area of South Ceylon, 
while between 1936 and 1942 there was an annual average of only Appendix 13 
9 cases of "Typhus", mostly murine typhus, over the whole of Ceylon, 
so that there was no reason to expect any hyperendemic centres there. 
Nevertheless, East African units of less than brigade strength on 
exercise in the Hambantota area in December 194.3 occupied an Appendix 
unsuspected endemic focus between two villages for just over four 2:19(15) 
days, and suffered. no less than 756 cases of scrub typhus in one 
week, ; 


An increasing number of different vectors were described or 
suspected in the Pacific theatre. Even ticks had come under 
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THE LIFE CYCLE OF THE AKAMUSHI 


From a captured Japanese account by Kiyosi 
Hayakawa, Lieutenant-Colonel, Medical Corps 
Japanese Army, formerly Assistant-Director, 
the Japanese Army Institute for Preventive 
Medicine, Singapore. 


(dated February, 1946) 


Note: The Life Cycle of the Akamushi 


is illustration was inserted after the present Report had been completed. There had 
Wade no nonce dend ty to add a review of the translated Japanes® document of which the 
illustration was a part. 

t must however be noted that the larva-nymph resting stage, which in the present Report 
aes consistently been referred to as the ‘nymphophane*‘ is, in Hayakawa’s illustration, 
named the ‘Teleiophane‘, it is considered erroneously. 
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suspicion, while several new species of mite were described and 
shown to be vectors, but later found to be local representatives 
of either T. akamushi or T. deliensis. 


Outbreaks were ascribed to a bewildering variety of terrain 
although many workers in New Guinea noted the particular incidence 
of the disease in patches of kunai grass* and in association with 
narrow belts of forest following watercourses and flanked by 
kunai, while the epidemiological features of the Ceylon outbreak 
had led the writer to suggest that a causal relationship exists 
between the occurrence of "typhus islands" of infection and 
primitive methods of cultivation, known as chena in Ceylon, 


¢ « : | . 
(3) A Summary of the Results of Subsequent Investigations 


The investigations which are reviewed below have helped to 
fill these gaps in our Re Tee and they may be summarised as 
Se wiht 


(a) The disease in India, Burma and Ceylon had been 

| identified as Scrub Typhus (Tsutsugamushi Disease) and 
strains of Rickettsia tsutsugamushi have been recovered 
from a number of areas, from patients, mites and’ wild 
rats, as described on page 7 above, and also in 
Appendices 8 (Imphal area), 12 (Assam-Burma), 13 (Ceylon). 
16 (India) and 1 and 23 (Burma) +, 


(b) The disease has been found to be widespread, and its 
patchy distribution related to ecological features in 
such a way as to allow constructive efforts to be made 

' to estimate risk of infection by survey, including the 
study of air photographs. 


(c) The vector has been established as Trombicula deliensis 
in all areas reid ease he in India, Burma, Ceylon and 
, the Maldives. 


(a) Studies on the bionomics of Trombicula Belt uate have 
~” suggested that the following may be assumed: 


(i). The larval bopulation of T, deliensis exceeds that 
of all other local species in endemic areas. 
The rate of turnover of T. deliensis greatly exceed: 
that of other local species and this is related to 
its success as a vector. 
T, deliensis is the major trombiculid ectoparasite 
of rats in the Oriental regione 


(ii) T. deliensis and T. akamushi' are apparently the 
‘. -only vectors of universal al importance. They may be 
extreme forms of the same polytypic species, the 
chic? member of a 'bidlogically successful' group 
of mites, the ‘tsutsugamushi group'. 


(4ii) ‘| In monsoon climates, the larvae of T, deliensis 
heave a seasonal incidence related to the ‘presence 
of moiLsturee e's JS 


(iv) Certain perennially infested foci might act as 
centres of dispersal of both mites’ and disease. \ 


». Kunai = lalang Thpestznrd elm Imperata cylindrica, a tall thatch=grass, which 
Japanese workers had suggested hight bé 4 Sdurce of food for larvae of 
., akanushi in Japan. 

+ Also in Ne Assan and N. Burma by the USi. Typhus commission gids ot al, 

; : 1 P. 
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(v) The vectors and the disease have been encouraged 
by human activities connected with primitive 
cultivation, and scrub typhus may be broadly Page 43 
‘regarded as a "man-made" disease. 


. (e) | The importance of the hosts (mostly murids but also shrews 
and squirrels) is two-fold: Firstly, their potentialities 
- | as reservoirs rest on the assumption (as yet unproved but 
for good reason generally assumed), that mites can pick up 
infection from infected rats. This still remains to be 
proved, but suggestive results have been obtained in an 
attempt to infect T. deliensis experimentally, while some 
important observations have been made on the course of 
infection in the principal host of T. deliensis in the 
Imphal area, Secondly, the manner in which the distri- 
bution: and also the population of the vector mites are 
| related to the numbers and the habitat of the hosts has 
been considerably clarified. 


(f) A system of survey has been evolved which compares in 
its methods and purpose with malaria surveyse Practical . 
points in field control have also emergede 


(g) . Several techniques have been evolved which will be valuable 
to field workers. 


GENERAL EPIDEMTOLOGICAL FEATURES OF THE JAPANESE CAMPAIGNS 


Burma was re-entered along three wild and difficult routes: 
above the Chindwin into the apex of Burma, across the Chindwin 
through Manipur and the Naga Hills, and along the coast in the 
Arakan (Map 2:1). Each of these campaigns brought interesting 
epidemiological features to light. 


(1) American 2 and Chinese troops made and came down the Stilwell — Appendix 
road from the Ledo railhead in North Assam to Myitkyina on the 2:16 
Irrawaddy, thence to the Burma Road, They had just over 1,000 3:5(1e) 


recorded cases of scrub typhus (deseribed by Mackie et al, 491.6) « 


In the wet Hukawng Valley area no conclusive evidence was 
found that the incidence of scrub typhus was seasonal. The 
case incidence appeared to be related only to the movements of 
troops in and out of endemic foci. .This is to be ascribed to 
the heavy perennial rainfall to be found over most of the valley, 
and appearances contrasted sharply with the dry-season fall in 
serub typhus casualties further south, 


(2) The main advance of ce of Fourteenth Lrmy was along the mountain 
passes in’ Manipur and the Naga and Chin Hills, through Imphal to 
Kalewa on the Chindwin, thence to Mandalay. There have been over 


5,000 cases of ‘scrub typhus in this area. 








A nerd eee feature was the intensity of the disease in units Page 29 
unlucky enough. to strike endemic foci, as noted above, and an 
augury of this was the sharp outbreak in October 1943 at "Mite 
Hill" overlooking the Kabaw Valley, when the battalion occupying 
this feature suffered 121 cases of scrub typhus in three weeks, 
The record is probably held for this and other theatres by the 
41th East African Division, which had over 1,600 cases in twelve 
months; 756 in Ceylon after a few days of exposure, and over 900 
in the monsoon campaign down the notorious Kabaw Valley. Eighteen 
per cent of a single battalion (2nd West Yorks) on the Tiddim road 
got scrub typhus in two months, and in that time - per cent of the 
total strength had died of it. 
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4. second feature was the heavy incidence in units on patrol 
or actively engaged with the enemy in 1944, contrasting with the 
preponderant incidence of "non-operational" typhus in Burma in 
1945, when troops actively engaged escaped lightly. 


A third féature was the marked seasonal incidence of the 
disease, which fell during the dry season and rose alarmingly 
during the rains. 


(3) The southern coastal route was through the Arakan,. A most 
interesting point is that in the campaign through the Arakan Yomas*, 
although much exposure took place during jungle fighting, only one 
endemic region was encountered, along the narrow fertile valley of 
the .Kaladan. This contrasted greatly with the very widespread 
endemic areas over ten thousand square miles of country west of the 
Upper Chindwin, and over almost the whole of Burmas There is some 
evidence that mountain ranges have formed an ecological barrier to 
the spread of serub typhus, and it is suggested that the disease 

is infiltrating into the relatively non~endemic and shielded Arakan 
Yomes along the valley of the Kaladan, which has its source in the 
hyperendemic region near Tiddim 








(4) Burma itself was overrun by the end of April in 1945, and 
there were about 600 more cases in Burma between June and December. 
At least 400 of these cases were "urban" or suburban in location, 

in the sense that they were within or on the immediate outskirts 

of villages and towns. Prome, Mandalay and Kalewa were the worst 
centres. Calcutta, Rangoon and Singapore have also proved to 
harbour endemic foci. It is now evident that much scrub typhus 
infection may be present in waste land in populated centres but 
remain unsuspected until unusual behaviour on the part of natives or 
of interlopers such as troops exposes them to the disease. 


SALIENT FEATURES OF INVESTIGATIONS IN 
SOUTH EAST ASTA COMMAND 


4. The Establishment of the Vector 


The USA Typhus Commission established Trombicula deliensis as 
the vector in North Burma and North Assam, as well as demonstrating 
the transovarial transmission of infection in that speciese A 
similar claim for the vector in Manipur, Assam, is also supportec 
by the following evidence, while Te Cclicnsis has also been found, 
on epidemiological grounds, to be the vector in Lower Burma y 
in the Kumaon Himalayas, the Jubbulpore area in Central India, and 
the Bangalore area in South India, as well as in Ceylon and the 
Maldive Islancse 


sry closely related species T. akamushi and T. deliensis have the 
wiaeee aneerstiblen of all the trombiculid mites, from North India 
and islands in the Indian Ocean to Queensland and Japan, and this 
corresponds to the distribution of the disease. The only species 
which appears to rival T. dcliensis in extensive distribution is 
Ascoschéngastia indica, which, however, is not know to bite man 
and also was rare in the endemic areas around Imphal. 


(1) Geographical distribution of mites and scrub typhus. The two 


(2) Seasonal incidence, In the Tuphal-Tam area in 1945, the 
seasonal inoidence oF larvac of T, delionsis was very marked and 

was followed very closely (Figs 3:3) by the local casc-incidence of 
sorub typhus. The case-incidence in Burma and Assam in 1944, and 


* Yomas = mountain tracts 
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in Burma in 1945, also followed the same curve, and this seasonal 
incidence of the disease is fully established and cannot be 
correlated with the seasonal incidence of any other species of 
trombiculid mites 


(3) Dominant Mite Species in the infected areas. Trombicula 

deliensis has been found in every one of the many pin-pointed 

typhus "islands" so far investigated, usually as the dominant 

specics. T. deliensis was also found to infest freely rats 

placed in situ in two very restricted infected sites, at Mile Appendix 
2he5. on the Palel Airfield site, and at Mile 34 on the Palel-Tam road. 233 


(4) Biological factors. As will be seen later, T,. deliensis . 

has biological advantages over other species of mite, which alone 
are considered to establish its importance as a potential vector 
wherever it occurs. 


(5) Infection of Mice infested by T. deliensis. In Mandalay, Appendix 
5 mice exposed in a pin-pointed area by Dr Browning became - 23:37 
infected. From this same locality the only mites found on i2ie 


exposed mice were T. deliensis. 


(6) Recovery of infection from T, deliensis. Strains 
established as Rickettsia tsutsugamushi have been recovered by 
Major Kalra from larvae of T. deliensis taken from the ears of 


wild rats. 


Eight strains have been recovered from the following mites in the TIndo=Burma area 
(Appendix 12 ppe 3 and 10); 


(2) Two batches (250 and 500), apparently of larvae of Te deliensis alone, taken 
from ratst ears, from Mite Hill (Indo=purma border) and Palele 


(b) Two batches of 1h and 20 larvae of Te deliensis during the course of an 
attempt to infect mites experimentally (see page 2 below). 


(c) Four batches (60, 75, 100 and 300) of larvae of Te deliensis together with 
& small number of other species, also taken from rats ears, from Maroh 
(Tamu) and Palel. 


The present position regarding the vectors of scrub he 
may be summarised as follows (Table 1). Other vectors have been 
suspected on general grounds and described in the litcrature, but 
these are unconfirmed. 


It is however considered that the epidemiological picture 
appears in faulty perspective unless one examines the natural | 
history of the discase rather than the mere accidental infection 
of man by one or two species of mite which happen to attack him 
This aspect is elaborated below. 


Table I: Carriers of Scrub Typhus to Man 


Species Recomed . ’.... Considered a Vector in: 
Distribution - OE: 
Te akamushi Japan Formosa Japan: ABCD (and 
peers Pescadores - transovarial trans- ' 
Philippines mission, and also 
New Guinea probably infection 
SeWeP, Islands in the adults, demon- 
Malaya strated) 
Formosa & Pescadores: A 


Philippines: <A 
Mola ce wale a ©: 
Se We Fe and New Guinea A BD 
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Recorded 
Species Distribution Considered a Vector in: 
Te deliensis Philippines Sumatra: ABC 
SeWe China 3 ; Malaya: -4 (? with akamusl)) 
New Guinea Philippines tj uiB |,. 
Sele Pe Islands Queensland: A 
Queensland -SeWe China: <A 
Dutch East Indies india: A B 
Malaya Sumatra Manipur: ABD 
Burma India Burma, North: ABD 
Ceylon Maldives (and transovarial 
transmission 
established) . 
Burma, Lower: 4 D (?) 
v 
Schongastia | Sumatra Sumatra: C (Exceptional 
schuffneri case recorded by Walch) 
Legend to Table I 


A: Epidemiological evidence only (seasonal incidence; coincidence 
of infections and infestation of Man, and usually heavy 
infestation of local rodents, in typhus ‘islands'), 


B: Strains of Rickettsia tsutsugamushi recovered from crushed mites, 


C: Found attached to man, later an eschar appearing on the same site, 
followed by an attack of scrub typhus; or, found attached to man, 
fever following within normal incubation period after, 


D: Has given infection by attachment to laboratory animals, 
References to Table ni 


New Guinea and §.W.P, area records for T. fletcheri = Te akemushi 
and T. walchi = T. deliensis, in Kohls, Armbrust, Irons and Philip 
(1945), Blake et al (1945), Philip. and Xohls (1945) and others. 
Philippine records for Te: akamushi and T. deliensis in Philip and 
Woodward (192.6) 

Record of T. deliensis in S,i. China by Millspaugh and Puller (19/7) 


2e The Biological Relationships of Trombicula deliensis 


(1) Geographical Distribution 


One striking feature of T. delicnsis is its very wide 
dispersal, from Queensland to the Philippines, and from India to 
the Maldives, If T, akamushi is regarded as a form of the same 
species, the distribution of the two forms and their intermediate 
varieties is extended northwards to Japan, No other trombiculid 
mites in. the Far East has a comparable distribution. . 


(2) The Relationship between T, akamushi and 7, deliensis 


As a result of the study of a series of specimens collected 
in Malaya, Gater (1930) considered that T. delicnsis was a variant 
of T. akamushi, Developments in the systematics of these mites in 
recent years would suggest that this vicw is correct, and that the 
two named species are extreme forms of a single polytypic Species. 
This was supported during investigations in Imphal by the confusion 
of T, deliensis with at least three ctosely similar forms, and 
elsewhere by the number of species described as vectors* and later 
proved to be local forms of T, deliensis or T. akamushi, 





% » fletcheri Womersley and Heaslip 1943, and T. obscura Wonersley 1944, fron 
ae Geewa capaut islands, now considered synonymous with T. akamushi; and 
T, fullert Ewing 1945 from North Burma, and T, vwelchi Womersley and Heaslip 1943, 
from the Pacific theatres, synonymous with T. deliensis. Wharton (1946) has rightly 
stressed the inportance of the "tsutsugamushi group". 
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Since writing the Appendices, attention has been drawn to an 
interesting account by Philip and Woodward (1946) on mites 
collected in the Fhilippines, where T. akamushi, T. deliensis and 
intermediate forms occur. They state that "in certain geographic 
locations the respective mite populations of akamushi and/or 
deliensis are relatively constant and usually assignable by known 
taxonomic standards, whereas in some localities including the 
classical endemic areas in northwestern Honshu, the characters 
become mutable, and very confusing." Later they make a very 
significant statement with which our observations are in full 
accord: "It appéars that these species may belong to a complex 
of recent evolutionary origin," 


(3) Larval Populations and Turnover 


Not only is T. deliensis widely distributed but it is Appendix 
frequently the most populous species wherever it occurse In the 5:8ff. 
Imphal area during the monsoon, it was not uncommon to find 70 nats 
to 90 or more per cent of rats infested with this species, with ae 
an average of some 100-200 larvae per infested rat, and in a 
heavily infested site this rate of infestation might be maintained 
for some 4 months. 


Different species were found to remain attached to their 
hosts for different periods. A short feeding time of 2) days 
appears to be shared by members of the Trombicula generic group, 
for it obtains not only with T. akamushi and T, deliensis in the 
Far East, but also with T. autumnalis in Europe, and Eutrombicula 
alfreddugesi and E. batatas in Americas Observations in Imphal 
based on the larval light-trap suggest that two species of 
Ascoschongastia* feed for a week or more, while Wharton (1946) has 
reported a similar period for Ay indica (Hirst). Species of 
Walchia, and Schongastiella limila in Imphal apparently fed for 
some i, weeks or more. The number of feeds in unit time, for 
Trombicula, scoschongastia,: Walehia and Sch 1ongastiella is roughly 
in the ratio S:hst ste 








By applying hese figures to the overall figures for rate and 
intensity of infestation of rats trapped over a wide area in Appendix 
different areas near Imphal, we may calculate roughly the total 333 
overall annual turnover of larvae per "average" wild rat necessary  F&&e 3:5 
in order to maintain the infestation actually observed in the field, 


This annual a iaehe comes to be roughly 3000-4000 larvae of 
a Te deliensis, 700-800 larvae of Ascoschongastia species, 200 of 
e ligula and only some 50 of species of Walchia per wild rat. 


It is thus clear that because of the relatively short 
feeding time, the actual population and turnover of larvae of 
Te deliensis is even greater than the heavy infestations observed 
on hosts would lead us to believe. It appears probable, from a 
study of the infestation figures in the Imphal area, that in many 
populous colonies of wild rats the turnover of T, deliensis may 
well amount to some 5,000 larvae per rat per annum As discussed 
in Appendix 3 (page 9(f) this high rate of turnover has many 
important implications which, it is suggested, at once place 
T. deliensis at a special advantage which is clearly connected with 
its efficiency as a vector. 


* Ascoschdngastia kohlsi Philip and Woodvard and A, mutabilis (Cater) 
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Appendix 7 The great nurber of separate acts of feeding represented by the above figures is 
3h a related to the following: . 


(a) Increased opportuni ty for dispersal, reflected by the occurrence of 


poten ernest tema, 


Te deliensis in large nurbers over a very vdde geographical range. 





(b) The Opportunity for the evolution of a group (the 'tsutsuganushi groupt) of 
polytypic species, end, indeed, for the emergence within this group of a 
species as biologically successful as T. delicnsis itself. It is interesting 
to compare this situetion with that of Rattus rattus, the principal host in 

the same theatre and likewise a polytypic species with a lerge nunber of 
naned forms and innunerable internediates, 


Pon REE of oppor tunity for the perpeti2tion and dissemination of tsutsugamushi 


2 infection transovarially acquired. "Dissemination" here inplies the 
scattering of | nurbers of infected siblings by their hosts. 


(d) The opportunity for encouraging the infe n whenever a colony of wild rats 
remains on an infected T. deliensis ‘island long cnough for rats to be 
repeatedly infested while harbouring the rickettsiac in tissue accessible to 
the nites = provided mites can pick up infection fron rats, On important 
possibility which has not yet been demonstrated but is considered probable. 


(e). The opportunity for the rickettsia itself to have become adapted in the past 
to life in nites of the "tsutsugalushi group" and their principal hosts. 


(f) Finally, attention is focussed on the universal inportance of a restricted 
group of: nites which are considered responsible for most of the tsutsugamushi 
enzootic amongst the rats and other hosts, reflected by the transmission of 
infection to man by two very closely related species, and also occasional 
Mites of other species vhich Inve happened to pick up infection encouraged 
by the major vectors (see below). , 


(4) Relationship with the Hosts 


The trombiculid mites bear a triple relationship with their 
hosts, namely, host preferences on the part of the mites, and dispersal 
and encouragement of the population of mites by their hostse The 
latter factors, related to the population, habitats and behaviour of 
the hosts, are discussed later (pase 38). 


T, deliensis does not appear to have very marked preferences 
and will even attach to an unnatural host such as mane Nevertheless, 
it was found that although common on all local species of rat, as 
well as bandicoots, shrews, tree-shrews and squirrels, T. deliensis was 
seldom found on mice in Burma and the Imphal area. 


A number of cbservers (including members of the USA Typhus 
Commission and the writer) have noted that T. deliensis appears to 
be reluctant to attack man and, for example, does not appear readi 
on the boots although many lervae may be found if a rat is exposed 
on the same site. TT. akamushi however would appear to attack man 
more freely, and Japanese workers describe it as attaching to man 
‘with alacrity". This difference in behaviour between T. akamushi 
and T. deliensis is probably the explanation of Gater's observations 


Appendix (1930) that whilst T. akamushi was the common mite found attached to 
334 coolies, T. deliensis was, much more common on the rats. 


ate ie aici ae 


36 The Life Cycle of the Vector in Relation to Scrub Typhus 


(1) Non-parasitic phase Nymphs and Adults 
(2) General account. It is now nowm that the nymphs and 


Appendix adults of T. deliensis and other trombiculids are not 
2131 vegetarian but predaccouse They appear to be able to 


complete their development and lay eggs in a great varicty 
of soils, and although the optimum conditions are not yet 
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~(b) 


One 


(2) 
(a) 


known it appears that the most favourable soils are 

loams that are not very acid or overloaded with raw 

humus. Many mites (e.g. Te acuscutellaris and some. 
serub-itch mites) appear to be restricted in their 

habitat because the nymphs and adults thrive in swampy 

of chalky soils, or make particular environmental demands, 
but T. deliensis at least appears to be facultative, which 
partly explains the wide distribution of this species, 


Seasonal behaviour.’ Nymphs were found to become 


ens yramtenm  Pe me 


As discussed in Appendix 3 (page 5). 
moisture appears to be essential for the appearance of 
larvae of T. deliensis and according to the observations 

of Japanese workers this is due to seasonal oviposition 

on the part of the adults rather than to "overwintering" 

of the larvae or the larva=-nymph resting staze. 


During the dry season (December 1945 to March 192.6) 
in the Imphal area, the larval population of T. deliensis 
appeared to be less than:5 per cent of that during the 
latter part. of the monsoon (September to November 1945). 
The seasonal incidence of the disease is marked, and 
follows closely the seasonal appearance of the larvae 
during the rains. ‘si 


Even in extremely dry weather, however, a larval 
population may be maintained in-areas such as. the seepage 
shown in Photo 3:8 where the soil is kept moist by ground 
water, © This-is of obvious practical importance. 


In equatorial climates, the seasonal incidence of 
the disease would not be apparent for the simple reason 
that there are no seasons, although there may be 
fluctuations related to seasonal fluctuations in the 
population of hosts. | . 


Fluctuations in population. It appears probable that, 

in monsoon climates with a moderate rainfall, larvae may 
appear in a succession of waves which adumbrate the first 
sharp peak of incidence’ at the beginning of the rains. 
The interval between the waves corresponds to the 
completion of a life-cycle by batches of larvae. 
appears to produce a secondary peak in scrub typhus 
casualties some 2-24 months after the first rise in cases. 
early in the monsoon, 


This 


Parasitic Larvae (see also (b) and (c) above) 


Important hosts and potential reservoirs 


The chief host in the Imphal area was a local representative 
of Rattus rattus brunneusculus Hodgson, a pale~bellied brown 
rat first described from Nepal, and common in village and 
camps as well as scrub and forest. Shrews (Suncus coeruleus 
Kerr and S. griffithi Horsfield), the tree shrew (Tupaia 
belangeri belangeri: Wagner) and squirrels (Callosciurus 
Pygerythrus Geoffrey and others), as well as several rats, 
including varieties of Rattus rattus, were also common and 
important hosts. au 


In South and Central Burma, and the Upper Chindwin area, 
Rattus rattus Sain 


(Gray and Hardwood) 


appear to be the chief hosts. 
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136 





Appendix 


5:36 


Appendix 
5312615 


_ Appendix 
3312 
Appendix 
3313 


Appendix 
6:7 


(b) 


Page 38 
Review of Epidemiology (Audy) 


Photo 1:7 of the Assam Tree Shrew (Tupaia_ belangeri 
belangeri Wagner), an important host, gives an interesting 
early record of trombiculid mite infestation, 


Probably all hosts which are fairly populous and freely 
infested are of epidemiological importance, and these fall 
into two categorics: 


(i) Potential reservoirs of infection (the possible 
infection of mites from hosts being assumed), for 
which purpose the locally common murid, frequently 
of the genus Rattus, would be the most efficient 
| because of its vast population and a tendency to 
form compact wild colonies, and 


(41) Hosts which may carry mites, and consequently 
infection, over considerable distances: such 
would be barking deer and monkeys, both found 
freely infested by T. delicnsis around Imphal, 
and also many birds, such as the crow=pheasant 
.Centropus, which workers in several theatres have 
found freely infested by.vector mitese The 
potentialities of the latter group as itinerant 
"reservoirs" are of course unknown. 


Influence of hosts on the population of mites 


The larvae are ectoparasites of small. mammals, and their 
number and distribution are naturally related to that of their 
principal hosts. 


Two field experiments showed that a raised rat population 
in a restricted area, if it is maintained for some time, may 
lead to an increase in the mite population, One of these 
experiments showed that there was rapid and significant increase 
in the free-living ‘larvae on the ground as the rat-infested 
perimeter of a cmmp was approached. In Appendix 3 (see Fig. 
2:60) evidence is adduced that the endemicity of scrub typhus 
has been increased. on a-number of occasions as a result of 
the artificial encouragement of rets in camping areas or 
plantations. 


_ There are certain practical applications concerned with 
the relationship between mites and their hosts: 


(i) &s larvae which ‘have recently started feeding have 
been found to reattach to another host if their 
feed has been interrupted, there is some danger in 
killing off rats during the typhus season without 
taking the obvious precautions to avoid infection 
of man by liberated larvace 


(ii) As a high rat population encourages a heavy 
infestation of the ground by mites, and as the rats 
themselves perform the important service of "mopping- 
up" their parasitic larvae, an enthusiastic rat 
campaign, by disturbing the balance between host 
and parasite and increasing the number of free 
questing larvac, might for a time greatly increase 
‘the danger of scrub typhus infection. 


(iii) The endemicity of scrub typhus may be increased 
' wherever rats are cncouraged and the ground within 
. or around camps, gardens, plantations or compounds 
neglected, Reoccupation of abandoned and neglected 


sites is often dangerous, 
‘ 
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(c) 


_ (iv) It is. possible that regular fluctuations in the Appendix 
populations of the small mammals, particularly 3:7(3) 


rats, in equatorial climates may lead to regular 

' fluctuations in mite populations and consequently 
to fluctuations in typhus risks which may be 
predictable. 


(v) An understanding of the favourite haunts’ and 
' habits of rats and other small mammals may be 
applied to any study of the distribution and 
ecology of scrub typhus. This is of considerable 
help in either survey or the framing of advice on 
the avoidance of infection, 


Influence of hosts on the distribution of mites 


The influence of the hosts on the distribution of Appendix 
the mites also has. most important applications, parti- S313 
cularly as infection in the mites can be passed on 
transovariallys 

Trombiculid mites .must actually be introduced to Appendix 
any patch of ground by a suitable host, and in the field 2335235 


a situation arises where numbers of engorged larvae 


‘tend to be introduced to the ground in seattered foci 


related to. the behaviour of the local hostse Added 

to this is a tendency for a species of mite to be 

dispersed more,and more widely from any centre to 

which it is introduced. This dispersal is most 

efficient in T. deliensis because the larvae finish 

feéding quickly, and it takes place in two: ways: 

(i) through the overlapping of territories occupied . Appendix 
by individual small mammals, and (ii) in a dis- 2332(9210) 
junctive manner by transportation on hosts which 
travel afar. In practice it would appear that: the 

mites are at first limited to small and scattered 

patches, or colonies or "mite islands”, which in 

the course of time multiply and spread as the 

particular species becomes established. In 

suitable conditions, the mite-islands may become 
confluent-and a large area may appear to be 

infested unevenly throughout, Fige 3:11. shows 

an example of a stage in the expansion of two _ 

clearly recognisable mite-islands, which over- 

lapped for some 200 yards at the place transected 

in this particular field experiment. The birth 

and distribution and development of mite=-islands 

is open to scientific study, which has already 

borne fruit in a better understanding of the 

relationship of scrub typhus to terrain, 


It is considered that ecological barriers, 
which interrupt: the overlapping of. territories 
occupied by individual hosts, and which have for 
example .even. been: found to separate distinct 
subspecies and species, also serve as barriers to 
the spread and establishment of trombiculid mites 
and hence of sorub typhuse 


The Tpdo~Burmese mountain range has apparently Appendix 
served as.a barrier to the eastward spread of both 237 
scrub typhus and the mite Ascoschongastia indica, 331391 
common in Burma, while it is considered that the. 

Araken Yomas range has shielded the seaboard: from et 


2318 


the spread of serub typhus, which however is 740 


infiltrating along the ecological continuity of 
the Kaladan river, Be 
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(3) ~The Mite-Rat-Mite Cycle 


De ee Sr te nn te tee i cee oe 


(a) 


Appendix 
2132 


Appendix 
3310 


(b) 


Appendix 
333 


Duration of the life-cycle of T. deliensis 


By comparing K. Le. Cockings' data for T,. deliensis 
with those of Japanese workers for T, akamushi, the 
life-cycle of the former would appear to be completed 
in some 7-9 weeks in optimum conditions. 


On the basis of the fluctuations in population 


‘described above, the life=cycle for T. delicnsis in 


nature appeared to be in the neighbourhood of 10-12 

weeks during the monsoon in the Imphal area and in Lower 
Burma. Miyajima and Okumura (1917) give figures 
suggesting 15 weeks, and Nagayo (1923), 6-7 weeks, for 
the life cycle of T, akamushi in the laboratory, although 
Kawamura and Ikeda (1936) would extend this to several 
months. 


The Mite-Rat-Mite Cycle and "Typhus Tslends" 


It is considered that scrub typhus develops 
in relation to the intensity and duration of the mite-~ 
ratemite cycle, although the rat may be accompanied or 
even replaced by some other small mammal capable of 
acting as a "reservoir", 


This would obtain even if infection in the mites 
were always transovarially acquired. It is however 
extremely probable that a small proportion of mites 
feeding on infected hosts can pick up the rickettsiae 
and thus start new lines of infected mites. . Compact 
colonics of infested rats would then be of the greatest 
importance in encouraging the disease and forming centres 
of incubation, as it were, from which the infection may 
be introduced to neighbouring colonics. 


Evidence was gained during the team's investigations 
‘that in a heavily infested "island" of T, deliensis the 
turnover in larvae of this species may often amount to 
several thousands attaching to an "average" wild rat 


- per annum. 


It is stressed that the introduction of T. delicnsis 
(or any other mite) and of Rickettsia tsutsugamushi to any 


site are two distinctly separate events. The patchy 
distribution of the disease is particularly related to 


(i) the patchy distribution of the mites in 
"mite=islands", 


(ii) the chance introduction of infection, 


. (iii) the inconstant occurrence of a state of affairs 
favouring an intense local mitc-rat-mite cycle. 


The phrase “typhus islrnds" is used to emphasise the 
way invhich the disease is restricted to areas which may 
be very small indeed. * 





* For example, note the infested clunp of crass in a native varden in the Pescadores, 
Fige 4 in the 1llustrations to the Supplement to Appendix 2 (described in page Lh of 


the text). 
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The phrases "typhus islands" and "mite=islands" were used by the writer 
in a report on scrub typhus in Ceylon dated February 2th, 1944, and were 
derived from a description by Ewing (1923) of the habitat of Te tlalsahuatl 
in America: "In the more humid Southern parts of its range the nite is 
found wherever there is rough growth of weeds and shrubbery. Towards 
the northern limits of its range the species occurs only in isolated 
"islands! where the local conditions are favourable for its naintenance." — 


ee 


es 


Both the endemicity and the extent of typhus-islands Appendix 
fluctuate, quite apart from any seasonal change, and these +13 
fluctuations may be great. Evidence for this was gained 

from several sources during investigations in Manipur and 

Burma, while Nayago (1923) remarks how the endemic areas 

‘in Japan change from year to year, sometimes appearing to. 

travel down the rivers. 


Stet i 


SS Pl 





The reasons for the sharp localisation and the 
fluctuations in endemicity and extent of typhus islands 
are ‘likely to be found in the restricted range of an adult 
and larval mites themselves; the restricted range of the 
chief or "reservoir" hosts; the necd for a sufficient 
overlap of suitable mite and host habitats to ensure a 
local mite-rat-mite cycle; the population of hosts; the 
chance introduction of both vector mites and the rickettsiae; 
and the changes which the whole picture presents from yea 
to year. 


hie The Trombiculid Mites and Tsutsugamushi Infection 
(1) Alternative Inter-murine Vectors and Animal Reservoirs 


To Table I should be added four species of trombiculid mites 
(Table II) from which, according to reports, tsutsugamushi infection 
has been recovered, These reports must however be confirmed with 
laboratory-reared mites, for any worker with mites will doubt that 
Nagayo and his co-workers, for example, could assume that 1,400 
larvae injected into a monkey belonged to one species, T. scutellaris. 





Table II: Tsutsugamushi Infection in Other Species of Trombiculid 





Trombicula scutellaris Japan | Nagayo et al (1919) q 
Trombicula pallida Japan Nagayo et al (1927) | 
Trombicula intermedia Japan ‘bid. F 

Schongastiella ligula Ranikhet, | Possible infection: 

Pottikion gh cu NAS, Indias Kalra (Appendix 17 III) 


It is well recognised that tsutsugamushi infection is essentially 

one of small wild mammals, the infection of man being accidental. 
es attention is confined to those vectors which bite man, then a 

foulty perspective is likely to be gained, It 1s to be expected that 
species of trombiculid mites exist which act as efficient or inefficient 
vectors of tsutsugamushi infection amongst their natural hosts but 
which do not Happen to attack man. The epidemiological importance 
of possible le inter-murine vectors was stressed by the writer in an 
earlier report (194). 


It is an interesting conjecture that the pre-eminence of 
T. a akanushi and T. deliensis as vectors is related to the very large 





populations of these mites and their considerable turnover, and 

again related to the facultative nature of both the a adults’ and the 
larvae, the latter attacking a great variety of hosts, This freedom 
to attack many different hosts accounts for the occasional and 








Appendix 
5341 


Gater 
(1930) 


Appendix 
12:9( IV) 
17:1(1) 


Repeds 
15 Jan.l5. 


Page 12. 
Review of Epidemiology (Audy) 


apparently reluctant inclusion of man, It is therefore no strange 
accident that what appears to be the most efficient vector of 
tsutsugamushi is also one of the relatively few species of mite 
which happens to attack man. 


i. question of critical importance is clearly the ability or 
otherwise of.the vectors to pick up infection from a host such as 
2 Rete ye oe If this is possible, as is very likely, then attention 
should shift from the species which bite man to whatever locally 
numerous species exist capable of transmitting infection to, and 
picking it up from the hosts; for the intensity of infection | 
amongst the man=biting species will be rolated to the intensity of 
the enzootic. As suggested in Appendix 3, it may readily be 
et] Te eee Bae eet alis pobgiee™: are of equal or even 
Pater than is TY ete for the abbas 6Xists in on 
relatively small numbers that it might be unable to encourage 
sufficient infection amongst the hosts to maintain an appreciable 
boosting of newly-acquired infections amongst the mites. A 
similar situation might obtain in Kuala Lumpur (Lewthwaite, 1930), 
where T, deliensis is more common on rats but bites man less 
frecly than does T. akamushi. 


In any case, for a mite to pick up infection from a host 
cannot be a very common event, or the meeescae tele would be aan 
ubiquitous. . 


In an effort to investigate this problem, Major Kalra first 
studied the course of infection in the common wild rat of the 
Imphal arca (Rattus rattus brunneusculus Hodgson), and later 
attempted to infect T. deliensis experimentally. He found that 
tis rats suffercd in no way after experimental infection with 

te tsutsugamushi by the intraperitoneal route. Rickettsiae 


orth hewever be recovered from the blood within 24 hours, and 


at varying intervals, up to 7i. days, while recovery from the brain 


was possible after at varying intervals up to 99 days. 
Rickettsiae: reappeared in the blood for several weeks after 
reinfe¢tion six months later. As suggested by the writer in an 
earlier report, if the rat: ‘can act as a reservoir it probably 
does so only temporarily. Kalra's findings are of considerable 
interest in this connexion. 


AE led al 


Seronoriieetcn inom 


Serene a PAE A UPA FART AN0) Ae 


Two strains of Re tsutsugatmshi were recovered, but none from controls. ‘The 
controls were frou oa Mls trapped on the spot, but as the only proper way to control 
this experinent is to work with laboratory=bred mites, the tie ahi result is 


suggestive but inconclusive 


; Nevertheless, the experinent showed that after 2) hours of feeding.on a heavily 


- Infected rat, at which time the larvae appeared engorgedy not more than some 1=2 per 


cent of the larvae could possibly have picked up infection, if indeed they did this 
at all. The lower the proportion of mites which actually pick up infection, the more 
inportant becomes the turnover, in numbers in unit time, of larvac of various species 
“which can transmit infectiow between the mts. 


It is worth noting that if we assume that 1 per cent of mites become infected by 
feeding on a rat with free rickettsiae in its blood, and that, the rickettsaemic phase 
lasts some 70 days (see Appendix 12, page 9), then an "average" rat infected at the 
vory beginning of the Te deliensis peak period in a highly infested area (e.g. 
Kanglatongbi near Imphal) night possibly infect as many as 15 mites during the 
rickettstenic phase. This figure is purely hypothetical but is quoted to give a 
rough scale to such events. 


' 
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(2) Serub Typhus as a Man-Made Disease 


It is now possible to see that during the course of evolution 
of the trombiculid mites a number of species have emerged which are 
biologically "successful" and have outstripped the other. species. 
Of these, we are concerned with a certain number of possible inter-~ 
murine vectors and in particular with a group of closcly related 
mites, the "tsutsugamushi group" already referred to, within which 
have emerged T, deliensis and its north-eastern representative 
T. akamushi, T. deliensis at least, if one considers its exceedingly 
wide distribution and its great population, is par excellence the 
chicf trombiculid ectoparasite of rats in South East isla. 





in enquiry into the conditions which have ecnecouraged many of 
the important mites shows that, in common with so many other creatures, 
they have been able to take advantage of altered environment created 
by mane For example, the chief host of the harvest=mite in Britain 
is the rabbit, and it is difficult to escape the conclusion that had 
this animal not been introduced to Britain about the twelfth century, 
the population of harvest mites would have been maintained, by voles 
and other creatures, at a much lower level. Arguing further, it is 
not unreasonable to suspect that should the rabbit be the principal 
host of T, autumnalis in Europe, then the "centre of dispersal" or 
home of this mite may readily have been near that of the rabbit, 
somewhere in south-western Europe. Similarly, the scrub-itch mite 
Eutrombicula batatas common in Dutch Guiana, Columbia and Panama 
has as its chief host the chicken, and according to Michener (1946) 
this species "apparently becomes abundant only in the grassy areas 
around houses and in villages where domestic animals, particularly 
chickens, are numerous." . This species has clearly been encouraged 
by Mane : 


The natural vegetation in all scrub-typhus countries is forest, 
in which small mammals are usually arboreal. . It is contended that _ » Appendix 
by clearing forest. tracts for primitive shifting cultivation, man . 2234938 
has greatly encouraged the vectors of scrub typhus, firstly by 
growing foodstuffs and so promoting the rat, and secondly by removing 
the canopy and bringing the rats down to the ground, which condition 
apparently favours the life-cycle of many trombiculid mites, In 
this way, man has encouraged 2 low grade enzootic wild. infection, 
"jungle" or "sylvatic" tsutsugamushi, to develop into epizootic 
intensity, producing an endemic disease which is still in process 
of extending and establishing itself, 


This disease involves rats and their ectoparasites, and its Appendix - 
dynamic aspects are sufficiently impressive to suggest. that scrub 2338 
typhus is of more than academic interest. 


40 a conference held on February 3rd, 19/4, at Ceylon. Army Command H.Q., it was 
Suggested by the writer that scrub typhus may be a "man-made" disease, to be ranked 
with "manemade malaria" as a consequence of mants interference with natural balances, 


. Ina later report (No. 11 dated October 1945), it was surmised that the akamnushi= 
delicnsis group of mites, together with the rats which are in a way parasites on mants 
' homesteads and his fields, were given a particular opportunity in life yhen tracts of 

jungle were cleared by prinitive man for cultivation and occupation; and that they 
_ have gradually spread and multiplied while their rickettsioses have followed behind 
presunably being boosted whenever conditions allowed a heavy infestation of suitable 
mammals in-the presence of the infection, Further, it was contended that:the occasional 
vectors which had been suspected by vartous workérs may be set aside while attention ts 
focussed on the universally inportant "tsutsugamushi “group"; vihilst of the mult tude 
of hosts and "reservoirs" described, the Murids, and particularly the genus Rattus 
should be considered parariount. The alternatives should not be allowed to confuse 

the general picture, which involves a restricted group of closely related nites 

and a restricted group of principal hosts on which the nites are inportent raraettiae 

The ecological work carried out by the Serub Typhus Research Laboratory, 


deseribed in Appendix 2, has supported this contention that 
serub typhu, 
largely a disease encouraged by mon, ne yphus is 
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(3) An Economic Grouping of the Trombiculid Mites 





It is helpful to divide the trombiculid mites into groups as 
follows, completing the list by appending certain gamasid mites 
which transmit murine or flea-borne typhus. 


Lie Vectors of: Tsutsugamushi 


(a) Vectors of Universal Importance, transmitting infection 
to mane These are strictly limited to T, deliensis and 


T. akamushi, both polytypic members of the "tsutsugamushi 
group" of Nagayo and other workers, 


(b)  Inter-murine vectors, including probably most or all 
members of the tsutsugamushi group (and see Table II): 
the inter-murine vectors are unknown but may comprise 
a large number, although there are some reasons for 


believing tnat some potential vectors at least are very 
inefficient. 


Species of Ascoschongastia, because of their relatively large turnover 
and their wide distribution, may include inportent interemurine vectors, 
which however do not bite man. If the very widespread species A. indica 
is a potential vector, then its presence in burna is probably of considerable 
epideniological inportance,. 


(c) TInefficicnt or Exceptional Vectors. . Included in the 
above group arc mites which are either (i) inefficient 
vectors which however attack man freely, or (ii) more 
efficient vectors which rarely attack man, but which 
may act as occasional vectors to Mane Schongastia 
schuffneri in Sumatra must be included in the first of 
these groups, for although it is reported to attack 
man in large numbers in endemic areas, it is definitely 
not the locally important vector, The exceptional 
case of infection by this species recorded by Walch 
must, it is suggested, be considered as an occasion 
of a very inefficient vector which happens to have 
picked up infection in the presence of a heavy infection 
maintained by T. deliensis amongst the local animals. 


Be Serub Itch Mites 


These attack man viciously and often in great numbers and are 
known in every continent except Africas” They do not transmit 
scrub typhus, and we are confident that on the whole they cannot 
for in certain arcas nature gives them every opportunity to do so, 
where scrub itch occurs in endemic areas and the mites frecly 
infest the local rodents. 


The ability to transmit typhus is as mysteriously restricted 
amongst mites as is the ability to carry malaria amonrest Jnophelincs.e 


Ce Other Trombioulid Mites of no known importance to man or 
animal hostsSe 


To make this list complete we should add: 
De Parasitid (Gamasid) Mites carrying "0X19" rickettsial stroins. 
the parasitid ratemites are more closely related to the ticks 
than to the trombiculids: they look superficially like tiny ticks 


andlive in the fur. There is no "'isoil-bound" phase corresponding 
to the trombiculid adults, but the mites leave their hosts between ) 
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fecdss The nymphs and adults feed repeatedly at intervals, as do 
bedbugs and argasid ticks. They are important vectors of a number 
of murine infections. Liponyssus and Laelaps are very widespread 
on rodents, and species of Liponyssus are known to transmit. 'endemic 





murine typhus't from rat to rat and occasionally to man, while a Huebner 
related species is a vector of "rickettsialpox", a newly described Dai 
6b 


rickettsial disease. 


hen studying the natural history of "murine" or flea-borne 
typhus, the gamasid mites, the fleas, and murine sucking lice such 
as Polyplax must all be considered togethcrs It is not unreasonable 
to suspect that the gamasid mites might have been concerned in the 
evolution of "murine" typhus, while their close relationship to 
ticks is intcresting. 


5. The Relationship of Scrub Typhus to Terrain” 


From January 191... onwards efforts were made to study the 
ecology of scrub typhus, so that by understanding the relationship 
of the disease to terrain sensible advice might be given to troops 
on the avoidance of dangerous sites. At the same time, it was 
clearly necessary to apply such knowledge to evolving methods of 
SULVEYe : rye as 


The relationship of the disease to terrain appears to be 
confusing at first sight, because it presents a varicty of 
dissimilar factSe This is because to any consideration of the 
habitat of the mites must be applied that of the habitat and 
behaviour of the hosts: the nymphs and adults demand suitable 
soil conditions; the parasitic larvae.are encouraged by a suffictency 
of hosts while their population must be maintained by local 
conditions which allow the returm of replete larvae to the same 
brecding grounds In spite of the bewildering varicty in typhus 
habitats, however, common factors can be found and the picture 
ig-in/foct. fairlyssimles 


Becouse potential hosts are largely arboreal and the soil 
tends to be overloaded with raw humus, and for other reasons 
discussed in Appendix 2, forest does not apparently favour an 
intense mite=-rat-mite cycle so much as scrub. 


In the areas investigated, the’ heaviest concentrations of 
larvae of the vector T, deliensis were found in grassy: serub 
where there had been some fairly recent reason for a high rodent 
population; and also in the intermediate belt of vegetation 
between open scrub and forest. Outbreaks and pinpointed cases 
have been in similar terrain, 


A study of mite and mammal ecology, and of the typhus 
islands deseribed in the literature and investigated over a 
wide area in the field, suggests that a practical and simple 
classification of typhus terrain is on the following lines, 


Ae Broad Classes of Terrain. There srr three broad ° 
classes of terrain, within which certain ecological features 
may particularly favour the development of hyperendemic foci. 


1. Man-Made Waste Land 


(a) Rural Waste Land; Abandoned clearings or "Ponzos" 
mene uN ce a og ee le PE Sheer ae, | ae 
* This is described in detail in Appendix 2 pages 34-42, while illustrations fron 


the literature ore contained in Figse 1 to 8 of the Supplement, described on 
pages 4jeh5 of Appendix 2. 
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(b) Domestic or "Suburban" Waste Land 


(i) Domestic waste land in villages, occupied 
or abandoned (including abandoned camps). 


(ii) Neglected plantations and native gardens, 
2. Water-Meadows (grassy river banks), 


30 Relict forest belts or coppices (often following water- 
COUrSES )e 


Be Specific Ecological Features operate within these broad classes 
of terrain, offering particular attraction to rodents and shrews. 


Appendix A study of the ecology of the small mammal hosts has suggested 
2337(C) that the intermediate zones, where distinct ecological units meet, 
are of particular importance. From the epidemiological point of 
view, the most important of these intermediate zones or "fringe~ 
habitats" are the scrub-forest fringe of dense vegetation, hedgerows, 
and waterside fringe-habitats such as the rank vegetation at the 
edge of a stream. 


Perennially moist foci are of particular importance in monsoon 
climates but of much less importance in equatorial climates. 


The relationship of scrub typhus to terrain is summarised in 
Appendix Chart Ie The origin of typhus-scrub is, as has already been 
433 observed, largely a consequence of primitive shifting cultivation* 
and the storing of food by man. 


Shifting cultivation is practised by natives in remote areas, 
Appendix who clear forest extensively and burn the clearings during the dry 
23h( 3) season. The clearings are cultivated for one or two seasons and 
then abandoned for at least ten years. Meanwhile, neighbouring 
forest tracts are successively cleared and cultivated, so that in 
time the forest over thousands of square miles may become replaced 
by a patchwork of scrub in various stages of reversion to jungle. 
Patches of woodland or belts of forest following watercourses stand 
out in such terrain, and they then appear frequently to act as 
sanctuaries for small mammals. The native Burmese name for abandoned 
clearings is ponzo, and this term is in current use by the Forestry 
officials, Chart II indicates the inter-relationships between, and 
the origin of, the various ecological units which make up the country 
side and are concerned in the ecology of scrub typhus. This Chart 
is derived from that on page 8 of Appendix 1, and includes references 
to photographs illustrating the types of terrain under discussion, 
It should be compared with the more detailed chart on page 35 of 
Appendix 2. 


The suburban or domestic type of waste-land is of considerable 
importance: over two-thirds of all serub typhus cases in South and 
Central Burma in 1945 were contracted in domestic waste land within 
or on the outskirts of villages and towns. A classical example is 
the infected foci in native gardens in the Pescadores (see Figs. 4 
Appendix and 5, supplement to Appendix 2). This type of infected waste ‘ 
2:hh land owes its existence to neglect and may remain quite unsuspecte 

in populated areas, until the inhabitants change their pattern of 

living or immigrants such as troops occupy them. Children are 
Appendix however frequently exposed, and it is possible that much scrub- 
1:9(4A) typhus amongst children in Burma has escaped cbservation in the 


paste 


Appendix 
139 


There is evidence that the encouragement of rats to camps in 


* Knoym as chena in Ceylon, jhuming in India, taungya in Burma, caingin in the Philippines, et 


Page 4.7 
Review of Epidemiology (Audy) 


endemic areas, followed by abandonment or neglect, has increased 
the endemicity within one or two seasons (see Fige 2:60). This 
is a small-scale repetition of what has happened in classical 
outbreaks in Malaya and Sumatra, and it points to the human factor 
in encouragement of the disease, | 


Chart I: Typhus and Scrub 
Relationship of Serub Typhus to Terrain 
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Chart II 


ee 


Appendix Origin and Interrelationships of the Types of Scrub 
136 ‘Rtas 
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Note: The classes of Scrub which contain almost all the endemic 
and hyperendemic foci of practical importance are underlined 
in the Chart. All these are considered to have derived from 
the original climax forest and from meandering watercourses. 


The figures refer to photographs illustrating the various 
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6. Methods of Survey and Control 


Schemes for carrying out reconnaissance and more elaborate 
field surveys are described in detail in Appendix 6, while the 
application of air photography to surveyand research is discussed 
in Appendix h. Once definite information has been gained about 
the distribution of mites and infection in an area, methods of 
control will suggest themselves naturally. 


Cultivation, and possibly grazing, are suggested as economical 
methods of control, Since writing Appendix 6, the author's 
attention has been drawn to a paper by Bushland (1946) in which 
the practical value of spraying infested ground with oil is 
confirmed, and a dosage is suggested of 40 gallons of diesel oil 
per acre, "repeated ¢ at 2 day intervals. Kawamura (1926) and his 
co-workers also found petroleum emulsions effective in this 
‘tespect. 


The rationale pf anti-rat measures in the control of endemic 
areas is discussed in Appendix 63 It is both dangerous and 
uneconomical to adopt anti-rat measures in anticipation of the 
typhus=season in monsoon climates. Prepaiting should be 
started in time for the maximum kill to coincide with the first 
peak period of infestation, a month or so after the rains start. 


Field surveys are designed to collect information which 
falls naturally into three groups, the first being most simply 
obtained; 


(a) The infestation of the local rodents and shrews: 
The endemicity is broadly related to the population 
of T. deliensis, and rule-of-thumb criteria are 
suggested for guidance in estimating risks. 


(b) The population of free larvae on the ground: Larvae 
may be collected actually from the ground, and these 
findings correlated with the local infestation rates. 


(c) The degree of active infection amongst the local hosts 
and the mites. 


These field investigations will be facilitated by various 
techniques adopted or evolved by the team at Imphal: 


(i) Examination of rats under anaesthesia, if it 
is required to keep them alive for use as bait 


(Pige 5:2). 


(ii) Use of local wild rats, free of infestation 
(or alternatively, white rats, guinea-pigs or 
gerbils) as bait for collecting larvae from 
the ground (see Photo 3:6)6 It is considered 
that all methods of collecting mites off man 
or inanimate ebjects are likely to ceive a 
totally false impression of the prevalence of 
T. delicnsis. 


(iii) The use of cardiac blood from rats, instead 
of emulsified viscera, as an inoculum for the 
recovery of infection (Kalra). This technique 
enables rats to be kept alive, is more simple, 
and also probably gives a more precise index 
of active transmission. 


Pee 
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(iv) Freeing of larvae from debris, for purposes of 
identification or for inoculation, by (a) pinning 
ears to corks of tubes until. the larvae have 
detached, or (b) using the light-trap devised 
by K, Le Cockings, or (c) floating scrapings in 
saline for 24 hours, as suggested.by Major Kalra. 


(v) The use of the light-trap, devised by Ke L. Cockings, 
for the collection of larvae (for identification, 
breeding or inoculation) the rats being naturally 
disinfested ‘and left in a fit state to be used as 
DOL. . 


(vi) tt is worth considering using the local wild rats, 
which are hardy and require little attention, as 
temporary repositories for inocula from infected 
material. such rats may be taken back to base a 
month or two later and their blood inoculated into 
white mice, 


7 Salient Points in Future Research 





The investigations of the research team based in Imphal have 
been continued, in the shape of field surveys over various endemic 
areas in India, by Major S, Lal Kalra (Field Typhus Research Detach- 
ment), who is of course investigating 211 forms of endemic typhus 
fevere Some of Major Kaira's recent investigations are described 
in Appendices 15, 16 and 17. fin intensive study of the ecology of 


mites and rats, and hence of scrub typhus, is also to be undertaken 


by a team based on the Institute of Medical Research at Kuala Lumpur, 
under the auspices of the Colonial Medical Research Servicee 


It will help to orientate the preceding discussions if some 
of the more urgent investigations are noted. There are in addition 
many aspects of scrub typhus research which are of considerable 
piological interests 


The major problem confronting the epidemiologist is to determine 

if the vector larvae can pick up infection by feeding on infected 
rats, and if so, the various circumstances in which. this obtains. 
The efficiency or otherwise of other prevalent species of mite as 
inter-murine vectors should then be studied, as it is clearly of 
great importance to gain more insight into the enzootic level of 
infection. : 


Both these investigations await a fully satisfactory technique 
for breeding mites. (By preserving the larval pelt on emergence 
of the nymph, it is possible to identify species during the course 
of breeding, a feat of great convenience and obvious importance). 


The following aspects are of immediate practical interest: 


(2) ‘The course of infection in various important hosts and 
their potentialities as "reservoirs", 
£ 


(bv) Host-preferences of T. deliensis and 1. akamushi and the 
circumstances (microclimate etc.) in which the larvae 
attack. mane 


(c) . The fate of both larval and adult populations in the soil 
if hosts are cxcluded, 


(a) The ecology of tho predatory nymphs and adults in the _ 
soil: relationships with other predators such as bdellid 
mites; feeding habits in nature; influence of soil pH 
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and bacterial and fungal content; behaviour in layers 
of soil, in relation for example to accessibility to 
chemicals. 


(e) The duration of. the life cycle in nature, and the 
duration of larval feed for different species. 


(f) Accurate data on larval and adult populations and their 
relationship to soil conditions and the populations and 
behaviour of the hosts. 


(g) The ecology of the principal hosts: particular features: 
of habitat and behaviour which encourage the life-cycle 
of the vector (and also of fleas and gamasid mites); 
rodent populations, their promotion and control. 


(h) Biotic influences: a study of the manner in which rats 
and their ectoparasites are, and have been, encouraged 
by human activities. 


(i) An investigation of the extent of infections in native 
' children in endemic areas. 


(j) Field experiments on methods of control. 


GENERAL OBSERVATIONS ON OTHER INVESTIGATIONS 


The following is a summary of a number of investigations, by 
members of the team at Imphal, which have not been included in the 
preceding discussion, 


Ae Clinical and laboratory diagnosis 


1. Browning and Kalra summarise the clinical features of cases Appendix 
of scrub typhus seen at Mandalay. Tympanites was a marked feature, 23:1 
whilst deafness was not observed. In an outbreak elsewhere, deaf 

ness may be pronounced and tympanites absent, and it is interesting 

to observe that while the clinical picture is generally consistent 

in any particular outbreak, it may show variations in different 

outbreaks and in different localitics, One reason for this is 

almost certainly variation in the local strains of R. tsutsugamushi; 

and the proportion of eschars is presumably also associated with the 
properties of particular strains. 


2- The Weil-Felix reaction is discussed by Kalra, who considers Appendix 
that the test (a) is valueless in studying animals, (b) is not a 13 
reliable index of the endemicity of scrub typhus when applied to 

natives, (c) is not a reliable guide to the differentiation between 

the typhus fevers; and (d) the Weil-Felix titres to OXK, 0X19 and 

OX2 did not appear to have risen significantly in a series of 

pregnant women examined. 


Be Tsutsugamushi infection in laboratory animals 


36 Kalra has described the behaviour of strains of R. tsutsugamushi, Appendix 
recovered during field investigations, in several laboratory animals 12:4 
(white mice, guinea pigs, and rhesus monkeys) as well as in the wild 

rat, Rattus rattus brunneusculus. He describes the stages of adaptation 

of the organism during intraperitoneal passage in white mice, proceeding 

' from a stage of endothelial vacuolisation with scarce inclusion bodies 

and no visible rickettsiae, to a reduction in the vacuolisation and an 
increase in the inclusion bodies with scanty rickettsiae, and finally 

to a heavy rickettsial infection and a reduction in the inclusion bodies, 
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Kalra associates the vacuolisation with the free serious exudste 
of the early stages. He also suggests that the passage of 
rickettsiae through different laboratory animals may modify their 
antigenic structure and lead to atypical reactions, an observation 
which the present writer sugeests has much to commend ite 


he Experimentally infected rhesus monkeys appeared to acquire 
considerably varying degrees of immunity. An increase in 
azurophilie granules in the lymphocytes was observed in all Cases, 
and this was also seen in blood films from one patient. Rickettsial 
bodies were observed in the large mononuclears, 


De From a comparison of strains of R. tsutsugamushi from different 
sources, Kalra concludes that they show differences in virulence and 
antigenic structure sufficient to account for clinical variations, 


. ineluding the vagarious eschar. 


Ce Morphology and histology 


6. Kalra has made observations on the internal anatomy of 
T. deliensis and has described some valuable “histological techniques 
for such studies. 


Te The development of the nymphophane of T, deliensis is described 
by Thomas, who considers that the “dorsal cone" of the nymphophane 
accommodates the sensory hairs of the nymph Japanese workers had 
considered the dorsal cone to be an organ of escape. 


Se During a study of the histopathology of the eschar and: of 

the reaction to attachment of mites in the ears of rats, Kalra has 
made two interesting observations, firstly concerning the absence 
of traces of a stylostome or sucking-tube in eight eschars examined, 
and secondly in an apparent association of marked necrotic reaction 
in rats! ears with infestation by species of Ascoschongastia and 
Walchia (but not with T. delicnsis). Such observations should be 
continued as they may throw light on the natural hosts of the 
species. 


De Typhus fevers ‘in, India 


D6 Kalra in a study of records for the Army in India has found 
that scrub typhus, murine typhus, and tick typhus are all wide- 
spread. Scrub Typhus appears to be most prevalent in Bengal, Assan, 
and the Himalayan foothills. In the Kumaon Hills, Tf. deliensis 

was found up to an altitude of 7,000 feet, and scrub typhus appeared 
to be very well established there. (In a personal communication, 
Kalra states that the substance of Appendix 15, on the distribution 
of the typhus fevers in India, is in press in the ‘Journal of the 
India Army Medical Corps). 


40, A strain of Rickettsia identical with or closely related to 
D. rickettsi was recovered by Kalra from nymphs and adults of the 
tick Haemaphysalis leachi var indica, taken from a rat trapped 
near Imphal (Palel). Similar strains, all of low virulence, have 
apparently been obtained from ticks in other parts of India, and 
these are the first records in India of an organism of the Rocky 
Mountain spotted fever groupe . 


44, Lte Cole Pasricha in 1944 described what eee ae an 

utbreak of Q-fever in Dehra Dun, while the present writer has 
described gerice tas outbreak of an "OX2/0x19" tYPEy clinically 
"tick=tynhus", but with eschars, in Bhopal State in 1945. It thus 
appears that the African type of tick-typhus may be represented in 
India, as well as the Rocky Mountain type and Q-fever. 
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THE ESTABLISHMENT OF THE RESEARCH LABORATORY AT TMPHAL eee) 


Including :icknowledgenents 
1. The Situation at the End of the 1944 Manipur Campaign 


The following account is intended to summarise the history of the 
research team based on Imphal, and also particularly'to serve as an 
acknowledgenent to the individual research workers and their assistants. 


At the end of 1944, the only orranised investigation of scrub 
typhus being carried on in the field in the S.E....C. theatre was in the 
Maldives, by Major ’S. Lal*Kalra, IAMC, Pathologist in charge of the GHQ 
(India) Field Typhus Research Tean, ana S/Ldr. Charles D. Radford, R.uwi.F., 
an authority on nites selected by the Medical Research Council Serub 
Typhus Comission. 


In Novenber, 1944, the writer was detached fron anti-nalarial 
duties with the 11th East African Division in order to carry out certain 
field investigations in forward areas, pending the organisation of a 
laboratory. In the same month, Major H. M. Thomas, B.Sc (Hons) (then 
Captain, R.AiM.C.)'was detailed by Brigadier G. J. Ve Crosby 57CaBells y Ta Des 

M.D., then D.D.M.S. 33rd Corps, to assist in field work. 


Major Thomas carried a nunber of burdens in the growing team and 
investigated the bionomics and development of the mites, as well as 
making contributions to various investigations and later consolidating 
the records. He was released in February, 191.6. The-writer wishes to 
express particular acknowledgenent of his support. 


Mr. Ke Le Cockings, Friends' /mbulance Unit, was originally intended 
to be Dr. Kenneth Mellanby's assistant, preceding hin with certain equip- 
ment to arrive in Imphal in January, 1945. After assisting in the early 
field work and. later also attending to the unit transport, he took over 
all the breeding of mites, devised a most useful mite trap, and made a 
start in the important work of correlating new species of larvae with 
their nymphs and adults, until he left Imphal in early January, 1946. 


26 The Scrub Typhus Research Team in early 1945. 


The War Establishment of the Scrub Typhus Research Laboratory, an 
ALFSEA unit, was approved with effect from the 14th March, 1945, and 
mobilisation was started two months later. Much equipment had however 
already arrived in Imphal in anticipation. 


After six months of work in Addu Atoll, the G.H.Q. (India) Field 
Typhus Research Team (Major S. L. Kalra, I.A.M.C., Pathologist, 
Set. Je D. Bower, R.AM.C., whee Katar Singh, I./..M.C., and 3 I.0.Rs.) 
and S/Ldr. Charles D. Radford, R.A.F., and his assistant Pte. J. Hake, 
R.AM.C. arrived in Inphal etwas the 8th and 13th April. 


The GHQ (I) Team remained throughout, Major Kalra carrying out the 
bacteriological, serological, and histological investigations of the whole 
tear. 


S/Ldr. Radford (April to September, 1945) has published a paper 
describing the trombiculid mites found in the area between January and the 
time he left. Most members of the team studied the systematics of these 
mites under his guidance, particularly w/0 Ash and Set. Lawrence. 


B/ Lt. Ae de Bullock, DSce, R.A.F.V.R., a botanist who had been selected 
by the. Medical Research Council and sent out from the U.K., joined the 

team on May 9th, and started systematic botanical investigations. It . 
had already~been decided to take as a representative area the district of 


Se ee —“ 
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Kanglatongbi, between 15 and 25 niles North of Imphal on the Manipur 
road. There had been an outbreak and a number of sporadic cases in 
this area, and Trombicula deliensis had beeh found infesting rats 
caught in an infected camping area at nile Af in Novenber, 19s 

There was a mosaic of vegetation associations there, and a river, while 
‘it was within easy reach of the base Laboratory. F/Lt. Bullock left 


Imphal on the 10th March, 1946, 


‘Fe The Full Development of the Team in the second half of 194-56 
Cot a Ee ee SE ACR et anal et Naka SIRS eid Rian Bar arb NG Math head nt 5 ea 


Major M. L. Roonwal, Ph.D.,. specially seconded fron the Zoological 
Survey of India to the GHQ (.,) Field Typhus Research Tean, joined it on 
the 30th June, and worked on the zoology of the Kanglatongri area’ in 
collaboration with F/It. Bullock until he left on 3rd January, 1946, for 
the Z.S5.1I. to study his collections. Jer. Katar Singh, after a course 
in taxidermy at the Z.S.1I., was attached to Major Roonwal by Major Kalra 


‘as his personal assistant, until the forner left the area. 


Dr. He C. Browning, *h.D., sclected by the Medical Research Council, 
arrived from the U.K. in June, bringing a thousand mice. He was joined 
on 5th August, while investigating an endemic area at Mandalay with 
Major Kalra, by Mr. T. Gordon who brought a thousand nore mice fron the 
U.K. Dr. Browning, assisted by Mr. Gordon, worked throughout in close 
collaboration with Major Kalra, using the mice, and later mative rats as 
bait for investigating nites and infection in situ. His work was 
interrupted by an attack of malaria and later a bout of scrub typhus 
contracted in a sharply pinpointed area in the mountains above Palel: 
from this site, a strain of Rickettsia tsutsugamushi was recovered fron 
Dr. Browning himself, 5 strains from two species of rat, a tree shrew 
and a field mouse, 4 strains from pools of mites including T. deliensis, 
and one different strain from ticks. It was a thorough demonstration of 
a typhus "island". Drs Browning left Imphal on the 23rd Decexiber. 


Captain H. C.. Steward, ReA.M.C., joined the team on 24th May as a 
non-technical general duty officer, taking on the main-burden of 
adninistration and quarternastering. He left on 10th March, 1946. 


With the research programme as envisaged in March, 1945, a medical 
officer on the establishment of the ALFSEA Laboratory would have been 
detached, in ting to take over a Ficld Tean to be based in Meiktila 
(Burna), later in Malaya, and to work in close contact with the troops. 
Unfortunately this important detachment never materialised. The 
situation had changed completely by the middle of the typhus season, an: 
shortly after Captain W. Stanbury, R.A.M.C., joined the unit on November 
141th, it was decided that the detention of a worker of his competence 
for the few renaining months, when only long-term lines of enquiry 
renained open to him, would be unecononical. Captain Stanbury was 
accordingly posted to the District Laboratory in Calcutta in January, 
49h6.  In’collaboration with Major Kalra, he had started investigations 


_which were later abandoned. 


Dre Re Lewthwaite, 0.B.E., Fiela Director of the M.R.C. Typhus 
Commission, visited the tear in Imphal from the 2nd to the 14th September, 
while Dr. Kenneth Mellanby, 0.B.E., Deputy Ficld Director, was with the 
tean fron Jyne until Septeuber,. including a visit to Mandalay and two to 
the U.S.A. Typhus Comaission at Myitkyina in his stay. 


he The Contribution of British Other Ranks.. 
oN SMO eck oN Nes LES a aL ae a 


The work of the B.0.Rs. in the team deserves special mention. The 
importance of the B.0.R. in research work, and, especially in field work, 
of the trained reliable I.0.R., is much underrated, There was for _ 
example a tendency for this particular research team to be top-heavy in 
research officers with insufficient support by B.0.R. and I.0.R. 
assistants, until towards the end of the team's services. 
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Set. J. D. Bower, RwiM.C., was:Major Kalra's personal assistant 
throughout, and accompanied him on field surveys. 


Set. J. Hake, R.A.M.C., who came over with the team fron Addu Atoll, 
renained throughout in charge of the routine trapping and collecting, 
proving himself a great enthusiast. He left Imphal.in March, 1946. 


Cpl. Je Rees, R.AM.C., was with the unit from May to November, at 
first engaged in field work, later being attached to Dr. Browning and 
taking most efficient charge of the laboratory animals. This task was 
then taken over by Cpl. E. Brown, R.A.M.C. (October, 1945, to January, 1916) 
who with Set. T. Raine (May to Novenber, 1945) worked also in the unit work- 
shop, and maintained unit transport. 


W/O Ga Weodish, Rin. Coy selected from an East African Malaria Section, 
was in charge of ihe mite laboratory, at first under S/Ldr. Radford, from 
25th May until he left on 17th September to start a survey in Pere He 
was released on the 10th November, 


Set. T. Je Lawrence, R.AM.C.,: was posted on 2/th July and his release 
was deferred until March, 1946. He also worked at first under S/Ldr. 
Radford, and took over the entomological work from W/O Ash, making most 
useful contributions. in this sphere. 


Set. We Ke Ford, M.Sc., R.AsM.C. (Entomologist to the Liverpool 
Museum) arrived on 43th November and renained with the unit throughout. 
He also worked on mite systematics, and took over the routine identifi- 
cations while Sgt. Lawrence prepared descriptions of the species newly 
encountered after Radford's departure. 


Sgt. Re Finnimore, R.A.M.C., was with the unit as Clerk from 24th 
August until the unit disbanded. 


Sete Je E. Linder, R.A.M.C., arrived on 28th August, and was attached 
to Major Kalra for histological work, in which he proved a great asset. 
He was deferred until January, 1946. 


Finally, Sgte N. Kennedy, R.A.F., was attached as « personal assistant 
to F/Lt. Bullock from October, 1945 until he was released in January, 1946. 


Until the 15th October, when the permanent staff of I.0.R's arrived, 
the team worked with the assistance of batches of Indian Pioneer Corps 
personnel, who unhappily were frequently changed; their enthusiasm deserves 
cormendation. 


De Extension of Investigations into 1946 
By the 15th January, 1946, the whole of the Manipur area and the %. 


Kabaw-Kale valley had been evacuated of troops, but arrangements had been 7 
nade for the remnant of the tean to aoentinue investigations in isolation 
until the end of March. This extension, which completed the dry season, d 
and was sanctioned with considerable SRP TED » proved very profitable ; 
indeed, i 

The Scrub Typhus aaneae Laboratory, an ALFSEA unit, reverted to ; 
GHQ (I) on April ist and was disbanded on 30th June, 1946. The CHQ (I) ; 
Field Typhus Team continued field investigations on tick and scrub typhus 
in India shortly after that date. The 0.C, Scrub Typhus Research Laboratory” 
arrived in the U.K. on 14th August and was granted accommodation and many 
facilities in the Department of Entomology of the London School of Hygiene 
and Tropical Medicine, until the present consolidated report on the tean's 
work was coripleted and edited, : 
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SUBJECT INDEX 

The Pol owine hi ndtietienl andes to Sun TE in. Nese Ls 
II and III of this Report gives three types of Pe comeunaeas 

(1) References to the Reviews in Part I are given, 
Cele, "D3", The treatment of the subjects is usually of a 
general nature, but further (marginal) references are often 
included in the text. 

(2) . References to the Appendices (Part III) are given 
in the form, e.g, "2:4" (Appendix 2, page 4), or "2:4(3)" 
(ippendix 2, page 4, section 3 of the text), and should the 
subject be contained in a Table or Chart, this is noted in 
parenthesis, €.g., "1:2(2)(Tables)" (Tables I and II, section 
2 of page 2, Appendix 1). 

(3) Befaretods to the Illustrations to the Appendices 
(Part II) are contained ti parenthesis. The legends to the 
Tllustrations may be of importance, particularly in Appendix 
2, and reference should always be made to these. As a guide 
to the important legends, the following pages should be 
consulted; - 

“Rppendix tien roe 7 


Appendix 2; Pages 20 to 31, and also 43 to 45 
(Supplement ) 


Appendix 3: Pages 17 to 18 


Appendix 11: Pages 4 to 5 


Index Page 2 
A 


Abandoned. clearings, 
(see Ponzos, 2:5, and 
Shifting cultivation) 


Acomatacarus audyi, 7:6 


Addu Atoll, App. 14, 2:20,30(55) 
(Figs.14:1, 2:55) 
- common diseases, 14:2 
- fauna and flora, 14:1,4 
- native diet, 14:2 
- mites in, 14:3 
- summary, 2:20 
- Weil Felix in natives, 18:2 


Air Photography, App. 4. 
- ‘applications, 4:2,5,P.e3, 
- and ccology, 4.:2(5a) ,6(e 
- and ground surveys, 4:6 
- mosaics, 4:1(2) 
- mosaic analysis, 4:5(A) 
- stereoscopy, 4:1 (2) 


P,30(3b) 
Jig te poe 


Alipore, Calcutta, 9:3(v),4(vii) 
fnti-rat measures, P.25, 
effect of, 6:7, 14:2(2) 
- in control, P.25, 6:7 
Arakan, Pelt, Pode, sit. esto 


Ascoschongastia, 7:3 
- anomalous spe, 7:6 


i COGKINESL | 7595; Ifa ets 
eb a 
-~ indica, 3:3,15, 14:3, Pe39, Poy 
-~ importance of, P44 
- kohisi, 7:3, 3:3,17 (Mig 3:3) 
- murtabilis, 3:3,11 (Fig 3:3) 


B 
Bait-animals 


(see Experimental infestation) 
Ballygunge, Caleutta, 9:3(vi),4(vii) 
Baniboo tracts, 2:5,35, 1:9(4B) 


Bandicota bengalensis, P.37, 1:2(2), 
2:10 


Bat Island, 2:45 
Bhimtal, 16:2 


Blood, 
~ azurophil granules, 12:8 
- cardiac, use of, 12:1(2), 6:1(iii) 
= Picture, monkeys, 12:7 
- vickettsiae in, 12:8,9, 17:1 


Breeding of mites, 21:2 


Burma, Apne 1 
-~ central, 2311-14, 139 
- case incidence 1945, 1:1(3)(Figs) 
- - by areas, 1:2(2)(Table) 

and occupation, 1:2(3) (Table) 


Burma (Contd, ) 
- mammal hosts, P.37(2a), 1:6 
- mites in, 1:6 (Table) 
- north, P.31, 1:11(5), 2:18(14) 
-~ outbreaks, 2:8+19, 1:4(4) 

and sporadic compared, 

1:3(4) (Figs. 1:2-5), 

9:2 (Figs) 

- prewar records, 1:1(2) 

- recovery of rickettsiae in, 
4:7(3) 

- rice-plains, 1:9(A) 

~ scrub typhus in, App. 1, Peed 
SEES | 

-. s$OUbh, Pete iero-tOiteg 

- seasonal incidence, P.32, 
1:3(4) (Figs.1:1-5) 

- topography of, 1:9 

- Upper Chindwin, 1:11, ps 

- "urban" infections in, 1:2(2), 
Piste 


Cc 
Calcutta, App. 9 


Callesciurus species, 1:6, 5:8, 7:1. 


Camps, 
- decreasing infection, 2:4, 6:6 
- increasing infection, 2:40(b) 


(Fig. 2:60)P.38(b) ,Pe7 


Camp perimeter infestation 


3:12 (Table) (Fige 3:10) 


Case incidence, . 
- ALFSEA troops 1944-1945 
(Fig.3 :7) 
- in Burma 1945, 1:2-5 
- in Burma prewar 1:1 (2) 
- ‘fluctuations in, 3:10 
- Imphal area 1945, 3:10 
(Pigs 3339 
- incresse after encouragement 
rats, 2:1,3,7, 2:4 (Fige2:60), 
ORS, . 


Ceylon, 2.29, Appe 13, Pe7, 2:19 


Charts 
- Epidemiological study scheme, 
ao 

- Interrelationships ecological 
units, 2:6, (Fig 2:60A),2:36 

- with Key to illustrations, 
P48, 2:6 

- Origin and interrelations of 
scrub types, P.48, 1:8 

- Typhus and scrub, P.i7, 4:3 


Childrén, infection in, P.46, 2:40, 
1:9(4A) 


Climax Vegetation, 2:34 


Clearings, abandoned, see Shifting” 
cultivation 


Clinical accounts, 
- Ceylon 13:3 
- diagnosis, P,51(A) 
- General, P.7 


Collection of larvae 5:3(iii) 
- records of, 5:5,6(Tables) 


Complement fixation, P.18, 12:1(1c), 
we 


Constellations 2:5, 2:34, 2:25 (24:1) 


- definition 2:5 
- in analysis 4:4 (7a) 


Co-infestation of mites 3:10 
Cross-immunity Tests, 12:10 


Cultivation 
- as control measure P.49,6:5 
- shifting (qev.) 
D 
Deforestation (see Shifting 
Cultivation) 


Dermacentroxenus rickettsi (See 
Tick typhus) 


_ Detachment of mites, stimuli, 5:3(B) 


Diagnosis, P.54(A) 


Dispersal, see centres of (Addendum) 


Distribution of scrub typhus, 
; P.32(1), PetO 
- patchy, reasons for 1:8(3) 
- "mite-islands" (q.v.) 
- "typhus islands" (q.v.) 


Domestic waste land, P.46-48 (Charts) 


Dorsal cone, nymphophane 11:2,3(Figs. ) 


Dryness effect of, 
- in central Burma, 1:9(44) 
- on larvae ,3:5 


Dremomys species 5:8 


E 
Early problems, P.29 


Ecological barriers, 4:4(a), Pe39 
Ecological continuity 4:4(a), P39 
Ecology of scrub typhus, App. 2 


- general 2:34 
- as disease of ground 2:38(1), 


Ecology of Vector summarised 
2332-33 


Economic grouping of mites, Ped. 


Index Page § 


Endemic areas (soe Typhus islands; 
Outbreaks) 
- Manipur-Assam 2:7 


Endemic foci, illustrations of, 
- Japan 2:43 (Figs.1:2) 
- Formosa 2:43(Figs 3,44, Fis.6) 


Eutrombicula 7:3, 
- alfreddugesi, 3:5,13 
= wichmanni (?) 7:1 
- batatas, 3:6 
- = encouraged by man, P,43 


Equipment, for surveys 6:2 


Kschars 
- Calcutta 9:4(6) 
- histopathology of 19:4 
- and Tick Typhus 17:6(VI) 


Estates: 2:40 
Examination of hosts 5:4(Fig.5:2) 
| 6:4 
- under anaesthesia, App. 22, 
5:4(Fig.5:2) 
Exceptional vectors, 
Pedh 
Experimental infection 
- of mice (Mandalay) 23:6 


- of T, deliensis, attempts. 
P42, 12:10 


Experimental infestation, 


_— of mice (Mandalay) 23:6 
- of rats, 5:4, 3:5(ic) (Fig. 
. 336) 

F 


Field experiments and observas 
tions, Appe 5, Appe 3. 


Fire, sorub, effects of, 2317, 
(Ri gi02324) 0) 326 


Fixatives, mite histology, 19:1 
Fleas, .identifications, 5:6 
Fonsecia coluberina, 7:3 


Forests, 

- bamboo (see Bamboo) 

- contrasted with scrub, 2:55 

- deciduous monsoon, 2:35 

= evergreen rain, 2:35 

- fringe, 2:37, 2:44 (para 1), 
3315 (Fige 3:12), P46 

- ‘indaing, 2:55 

- infections in, Formosa 
2:hi(o), 2243 (Fiee3) 

- = Hukawng, 2:414(c), 2:18 

- restricted belts, 2:41 

= and scrub typhus, P.48(Chart) 
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Forests, 
- and shifting cultivation, 


PiA6, 22), 


Formosa, 2:43 (Fig. 3 aed 24h. 
(Fig 6), 2:28 (Fig. 2:2) 


Fort William, Calcutta, 9:3(iii), 4(vii) 


"Fringe Habitats"; PERG, wy | 
~. defined, 2137 | 
- as Loud features, 2: eis) 


- in Formosa, 2:28 (Fig. 2 24.2) 
G 


Ganasid mites end murine typhus, P 


Geterie species, Firs 
. Geology, Naga Hills, 2:1 
- Assam-—Burma 2:20 (Fig. 2:3) 


Grasses, 
- cogon (= Imperata) 
- elephant, 2:40 
- Imperata, P.29 
ub(7), 45(8) 

- kunai (= Imperata) 

- kaing, Irrawaddy, 1:10(iv), 2 
- lalang (= Imperata) 


H 
Haemaphysalis leachi, infection of, 
12:3(g), 17:3(IV) 


Hedrerows, 2:15,28 (fig.42), 37(b) 
Heirok Turel watermeadows, 2:1 


Hereditary infection in mites, 
(see Tra 


Histology and morphology, P.52(C), 
dep oY VS 


Histopathology of Eschar, P.52(8), 


od, 


2:4.0(B), 43(1), 


2340 


Ps bey 


sovarial transmission) 


19:6 


"Host-foci" '2:33(12), 42(iii), 4:3(B) 


Hosts (see Rats; Manmals) 
~ important, P.37(2a) 
- influencing mite distribution, 
P39, 3:13 (Figed:11, 3:12) 
- Influencing mite populations, 
P.38, 3911 (Fig. 3:40) 
- natural, pointer to, P.52(8 


= of, deliensis, 5: Bid atts »P.37(28) 


- as "reservoirs" P31, P42 


6 (4) 


Hukawng valley, P. 37(2), 2 2:18 
- seasonal incidence in, 3:5(1e), 


I 


Illustrations, indexes to, 
-~ general, 2:6, 2:36 (Charts) 


Host-lists, value of, 5:6 


P.37 


Illustrations, indexes to, 
-~ types of ponzos, 2:5 


Immunity, in monkeys, 12:7(5) 
Imphal trapping area, 5:1 


Inapparent infection, P.28 
- in rats, 12:9, kg 
- in guinea pigs, 8:1(12), 
12:5(4i) 


Inclusion bodies, P.51(B), 12:4 


India, typhus fevers in, Bide. 
App. 15 


Indigenous infections, 
- and slight exposure, 
1:9(A), 9:4(5) 
- in children, P.46, 2:40, 
1:9(A) 


2:0, 


Infection 
(see Experimental infection) 


=~: bodsting of, P.41, 22356 
| (Fig.2: 60) 
- wild hosts (see R. tsutsuga- 
mushi ) 


- Tick typhus, 17:3 


-: rates, 6:4 — 


Infestation by mites |. 
(see Experimental infestation) 
- data, 5:5 (Tables) 
- interpretation of, 6:3(1) 
- intensity of, tis 
- of ground, 3: :5(c), 1h ores 


- sources of error, 5:4(ii) 
Infiltration, mite histology, 19:1 


Inter-murine vectors, P.41, 3:11 


-\Inter-relationships, types of 


serub, P.48 
~ ecological units, 2:36 (Chart) 


Irrigated areas, Burma, 1:10 


J 
Japan, 
- mites in, 3:10: (Tice 3: ahh: 
~. Nidenta, 2:43 (Gig. 2:Supp. 
= “Yamagata, 2:43 (Fig. 1 Supp.) 


Jingergacha, Bengal, 9:3(iv) 


K 
'Kaing (see Grasses) 


Kaladan valley, P.5, Pe32, 1:13 
Kalewa, 1:4(4), 12:2(2a) 
Kanglatongbi 


~ anfections in rete 
4232(Tables 


Kanglatongbi, 
- trapping area, 5:1, 
6 (Table) 


Kidderpore, Calcutta, 9:1 
Laboratory diagnosis, P.51(A) 
Larvae, 
(see also Trombiculid mites; 
Trombicula deliensis) 
- behaviour in soil, App. 10 
- metamorphosis, App. 11, 
10:2 
- Moisture, 10:1(1) 
- phototaxis, 10:1 
- populations, P.35, P.38 
- speed movement, 10:1 


Life-Cycle of vector, 
-~ duration of, P.40(3a) 
- scrub typhus and, P.36(3) 


Licht-Trap (Cockings), 21:2(4), 
Bok 


Liponyssus, P.45 


Local reaction (see Eschar ) 
- inrats ears, 19:4(2) 
- in monkeys, 12:6(3) 
M 


Malaya, Oil Palm Estate, 2:45, 
(Fig. 8 Src) 


Maldives, App. 14, 2:20 


Mammals, 
- genus Rattus, P.37(2a) 
- identification of, 5:6-8 
~ in Burma, 7:6 


Mandalay, 12;2(Table), 2:11, | 
aC ar (Figs. 2:46 37) s 
1:10 : 


"Man-made" typhus, Pe43, 2:19,54 


Manipur Base, jungle camp at, 2:1 
(Fig. 2:6 


Maps, Assam-Burma general, P.3, 
2:20 (Fig. 2:1) 
geology, (Fig.2:2) 2:20 
physical features, (Fig.2:2) 
rainfall, (Fig. 2:2) 
temperatures, (Fige 2:2) 
reserved forests, (Fige2:1) 
- vegetation, (Fig. 2: 
- Addu Atoll (Gan cnet 
. -Ceylon, (Fige 13:1 
North Imphal, (Fige 2:4) 
- South Imphal to Chindwin, 
(Fig.2:5) 


tt 

- 
nN 

\N 
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Marom, 2:2,21 (Figs.2:7,10) 
Mawchi, 1:5, 2:8 


Maymyo road focus (Nyaungbaw), 
2:15, 4:6(c) 
Metamorphosis (see T. delicnsis) 
"Mite-islands", P.39, Pe4t, 2:32(a) 
3:13,14(Table VI) (Fig.3:11) 
- ccology of, 2:33(11) 
- spread of, ee 


- uninfected, 4:4(c 


Mite-rat-mite cycle, significance 
of, P.40 


Morphology and Histology, P.52(C) 

Mokkui valley, Formosa, 2:43(Fig.3) 

Mount Popa, 1:10 

Mouse, white, infection in, 12:3(7) 
- adaptation rickettsiae in,12:4 
- protection tests, 12:10(e) 

Murids (see Rats) 

Murine typhus, Calcutta, 9:2 


Myitnge, 2:40(b), 1:5 
N 


Naga Hills, description of, 291 


Native labour, protection of, 
4g) 


Natives, infections in (see 


Indigenous infections) 
- Weil Felix in, 14:4 
Native gardens, . abandoned 
~ .anfection dn, 2:hO(c), P48 
| (Chart ) 
- in New Guinea, 2:45 


Neoschongastia, 3:2 
(see Ascoschongastia ) 
“synonymy, A259 
- thomasi, 7:4 


New Guinea, P,28 
- domestic waste land, 2:40 
- ‘endemic areas, 2:45 


North Burma, P.31, 1:11(5), 
3:5(10), 2:18(14) 


Nymphs of T. deliensis, 
(see also T. deliensis) 
- development of, hare ae 


- phototaxis and behaviour ,10:3 
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Nymphophane of 7. deliensis, 


App. 11 
0 


Occupation and infection, 1: :2(3), 


3 (Tables) 


Quibres ‘ks of Serub Typhus, 


Addu Atoll, P./7, 2:20, App. 4h 


American troops, P.31, Pred), 
231 

Arakan, Pe, Pe32(3), 1014, 2:18 

Bon Chaung, "2346 

Calcutta, P.6,. App. 9 

Ceylon, oa P.29, eg, 19e3 


Coxs Bazaar, P.5, 1; 11(5), 2:18 
Dry Zone Burma, 2:14 
Embilipitiya, P29, 2:19 
explosiveness, 
declining, 14:2(2) 
Fort Hertz road, Pe4, 1:11(5) 
general account, P.1, P.31 | 
Heirok-Turel wateremeadows 2:2 
Hukawng valley, 2:18, P.31(2) 
Imphal plain, 2:2 
Indawgyi, Lake, Pe4, 1:11(5) 
Indainggale ~Kalewa » 2:16 
Japanese troops, P.5, 1:12, 2:2, 
13(9) 
Jingergacha, P.6, 9:3(iv) 
Kabaw~Kale valley, P.4, P.31, 
2:16 
Kaing, 2:16 
Kalewa, 2:16 
Raladen valley, P.5, Fsleg es 10 
Kanglatongbi area 2:2 
Kumaon hills, 2:20, App. 16 
Mayes Pe /eeeo, Apps. 
Mandalay, 2:11 
Manipur, P.2, 2:1-4 
Maram area, 2:1 
Mawchi, 2:8, 16 
Mewlaik, 2:15 
Mewlu-Pinwe-No ba, P. Ay 1: SRE 
ae 
Meiktila, Po2y.1242t1) 02: i 
Mite-Hill, i. 2, Petia 2216 
Myitkyina, 1: :14(5), 2 218 
Myingyan, 2:14 
Myitnge, 2:14 
pr, Nyaungbaw, 
Hills, 231 
Pale Lt arcana <5 


2245 , t26(c) 


We AMA 


3 


Faoungde, 2:10 
Prom) 2514 
Ranchi, P.6 
Rangoon, 2:9 


Rangoon-Prome road, 2:10 


ine) 


Rhino Hill, 2:16 
vagaing, 2¢ H 

Shan Plateau, pid ae 
Shingbwiyang, 2:18 
Tamu, 2:16 


Taungup~Frome pass, 2:18 
Toungoo, 2:9 
Toungoo-Mawchi rd, 2:8 
Toungoo~Rangoon rd, 2:9 


Outbreaks of Scrub Typhus (Contd. ) 
- Tiddim rd & Lushai hills, P.31, 
2:3 
- Upper Chindwin, 2:15 
- ‘Ukhrul area, 2:3 
- Wetyu Chaung, P.3, 2:17 


Outbreak of Tick typhus (Delawari), 
17:6(VI) 


Overlapping mite islands, 3:14 
és 
Palely (285 yore 


Paraschongastia thomasi, 7:4 


Paungde, 2:10, 12:2 
Perennially infested foci, P.37(b), 
P.46, (Fig. 3:8) 


Pescadores, P.28, 1:9(A), 2:40, tide 
(Figs. es 5 Supp.) 
- incidence in children, 1:9(4A) 


Pegu Yomas, 1:9 


Photographs, 
- of Burma, list, 1:7(6) 
- ecological, key to, P.48, 2:36 
(Charts ) 


Plantations, 2:40, P.48 
Polyplax, P.45 
Popa, 1:10 


Ponzos, 

- constellations, 2:5 

- description, P.45, P46, 223 2 
= definition, 235 

- derivation (Chart 2:25) 2:6 

- types of, 2:5 
Phototaxis, larval, 10:1 

- nymphs, 10:3(5) 
PrOBSLe te 5e 
Prevention, by personal protection, 

- general advice, 1:12(2) 

- native labour, Ae :12(2) 


Prevention, by avoidance , 
- of outbreaks, 1; :12(4) 


Prevention of establishment of 
naslands" , 6:5(1) 


Pre-war records, et ey 28, 224.3 
(and’ Figs. ‘Supp | to App. 2) 

- Burma, 1:1 
- Coylen, 4351 


Pre-war situation, epidemiology, P,28 


Prome, 1:5, 2:40(b) 


Proteus agglutinations, App. 18 
(see Weil-Felix) 


R 
Rainfall ; 
- Assam-Burma (Map 2:2) 


Rainfall and scrub typhus, 
3:5(CL)(Figs.3:3),23:3 
(Charts 23:2,3,4,) 


Rats 

- as important hosts 5:6(4) 

- as "reservoirs" 5:6(4) 

- control of, 6:7 

- experimental infestation of 

(Fig.3:6) 

- infestation by mites: see 

T, deliensis (Figs. 3:1,3,9, 


1G44 AD) 
- species encountered, 5:7, 1:6, 
P.37(2a) 
Rattus 


- bay bemboo (Rhizomys) 1:6(2) 

~ Diomys crumpi 5:8 

- genus, importance, P,37(2a) 

- Hadromys humei 5:8 

- Mus species 5:8 

-~ rattus 1:2(2),P.37(2a),2:19 

=) i -cause of infection in 12:9,17 
- = group 5:/ 

~ = natural infections in 12:1(2) 
- Rhizomys castaneus 1:6(2) 

- species 5:7,1:6,P.37(2a) 


Records 
- Trapping data, App. 5 
- keeping hospital, 17:8 
- keeping, in surveys, 6:3 


Relict forest belts, P.46-48(Chart) 


Research on scrub typhus 
- future, P.50 
- Laboratory, origin of 
-~ original scheme, 5:2(Chart) 
- personnel of mite-laboratory, 


5:3(2) 


Reservoirs, endemic foci as 2:38 
(D para 3) 
- (see sanctuaries) 


‘Reservoirs, mammalian, 
- important potential, P.57 (8), 
“_ ‘potentiality, P.42 

~ rat as 12:10(3) 


Rickettsaemia in wild rats 42:1(2) 


Rickettsia mooseri, in Ranikhet, 
46:4(IV) 
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Rickettsia (D.) rickettsi 
(see Tick typhus), P.52 
~- in Imphal area, 17:35, P.52 


Rickettsia tsutsugamushi 
- adaptation, stages in micc, 
12:4(6) (P.5B) 
- ~ in rabbits eyes 8:1,2(b), 
12:11 (F) 
- appearances 8:1(1) 
- in mites P.34(6),P.4/ (Table) 
12:10(D) 
~ in guinea-pigs 8:1(2), 
12:5(IT) 
- in birds 12:10(C) 
- in laboratory animals 
P.51(B) 
~!ampmice 8:2(C),12:3(L), 
P,51(B) 
- in monkeys 12;6(IIT) 
- in wild rats, see Rattus 
rattus 
- in Rattus rattus var. P.42, 
P.51(B), 12:9(IV),17:1(1) 
- in mononuclears 12:8,P.52 
| (2+) 
- recovery of strains 
-.— Burma, 1:7(3) 
- - Wingates HQ,2:2 
- «= Paungde 2:11 
- «= Mandalay 2:12 
- -. Mite-Hill 2.17 
- =— Kelewa 2:17 
- - Kumaon Hills 2:20 
~ - from patients 12:1(1) 
- = from mammals 12:1(2) 
- = from mites P,34(6), 
42:3(3), 12:10(D) 
wl = Korbpinal 1943, PePel 9s 
App. 


Rickettsial agglutinations, P.8 
Rickettsialpox,?.45 
River valleys and typhus, 
- Formosa, 2:43(Fige 3 Supp.) 
s 
Sagaing 1:4(4) — 


Sanctuaries, for hosts 
- hedgerows 
- forest belts and fringe 


Schongastia schuffneri, P.28, 
p.33(Table ) Pel(c) 

- maldiviensis 1433 

- vieta, 7:4,3:13(E) 


Schongastiella ligula are 
1 
- species 7:4 
Scrub, and typhus, P./+7 (Chart ) 


~ interrelation between 


types, P.48 
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Scrub Constellations, 2:34 


(see Constellations) 


Scrub Typhus, 


control of, P.49, App 6 
decrease of on clearing, 2:4, 


as disease of ground, 2:38(I) 
433(B 


distribution, geographical, P.32(1) 
- patchy, P.40 
(and see Typhus islands) 
- variable, P.41,2:38,3:13,17 
ecological barriers and, P.39, 
by Sie AY A 
ecology of, P45, Apps2 
evolution of 2:41 (para 8),P.43 
increase of endemicity, P46, 2:38 
"jungle" or wild, P.43 
in Japanese troops, aie 
LA 
and life-cycle of vectors, P.36 (3) 
a ‘man-made disease!', Psh3, 2:34-48 
relation to terrain, P.45,2:39 
seasonal Pet ,P.3,P.33(2),325(C) 
Figse 3:37); (9:2 and 
Figs.) 23:5 (Charts 23:2,3,4) 
- Assam-Burma P,32 
- fluctuations, P.37, 3:10 
- N. Burma P.43 
"svlvatic" or wild P,43 
spread of, 2:38, 444 
vectors, P.33(Table), P.44i 


Seasonal changes, 3:5-11, 


(see Scrub Typhus, Trombiculid 


Mites, Trombicula deliensis) 
A, cockingsi aut indica, 5:1,5 
(Tables) 
general and biotic, 3:6, 
in equatorial climates, P.37, 
P.39(iv), 3:7 
T, deliensis, .St5ifyseel? 


Seral communities, 2:3) 


Sere 


S, 2:34 


Shan States, 1:11 (Fige1:5) 


Shifting cultivation (taungya), P43, 


Cd 


~ 


a 


description, 2:4.(3 

effects of, 2:35(4) (Chart 2:36) 
general account, P46, 2:4 
seasonal influence of, 3:7 


Shingbwiyang, 2:41 


Shrews, identification of, 5:8 


spleen weights of, 14:4 


Shwedaung, 2:40(b) 


Soil, mites in, P.36, 14:5(b), 


Splecn-weights, rats and shrews, 


Ths h. 


Squirrels, important hosts, 


1:6(2) 
Stains for mite histology, 19:2 
sradeusetine 1.31(2) 
Stivalius species, 5:6 
Stylostome, 19:5 (Figs.19:2,3) 
Suncus species, 5:8 


Sumatra, endemic: foci, 2:44 
(Fig.7) 
ce 


Trombicula akamushi 
(see also T. deliensis) 
populations, 3:11 (Fig.3:4) 
- relation to delicnsis, 
P, 342) 
- seasonal variations, 3:10 
(Figs 3:4) 
synonymy, P.34, P33 
(Table). 


Trombicula acuscutellaris, 
ore, 
-~ in Addu (Maldives), 14:3 
- habitat, 14:3(4) 


Trombicula autumnalis, 
indirectly encouraged by man, 


P45 


Trombicula deliensis, 
(see also Trombiculid mites) 
~ abundance, P.35(3), 3:5 
niet 3:8 (Table) 
Figs.3:1,35) 4, btaae 
(Tables ) 
behaviour in soil, 


- establishment as vector, 
P, 32-34 
- geographical distribution, 
Pade son 
- and hosts, practical } 
points, P.3 
- host-lists for, Era 


I 


j 


734, 
; ROA 
~ identification of, 6:5. . 
- infection, experimcntal, 
| 1:2:10(¢D) 
- infcction, recovery of, 
4223(3) 
- infestation data, 5:5, 
6 (Tables), (Figs. 
143 
- life-cycle, duration of, 
P.40(a) 
scrub typhus and, 
P.36(3) ° 


_ - 


Trombicula deliensis, 

- metamorphosis, 10:2(3) 

- moisture and, 3:4 (Fig.3:8) 

- nymphs and behaviour, 10:3(5) 

- - internal anatomy, 19:4 

- nymphophanes, 10:3(4), App. 11, 
(Figs.)19:4 (Fig. 19:4) 

= occurrence, 3:2 

~- population of, P.35 (see Abundance) 

- population fluctuations, 3:8 
(Figse321-5), P.37 

- rainfall and, 3:4 (Fig.3:1) 

- .Fclationship with akamushi 

P.34(2) 
- seasonal, 5:5, 13:5, Pedk, 
Felts F.59 (iv) Sry 
- - in equatorial,climates, 
Peers 

- - related to hosts, 3:7 

- - study of rat colony, 3:7 

- soil and, P. 36 

- speed movement larvae, 10:1 

~- synonymy, P.33 (Table), P, 3h 

- turnover, P.40, 3:3 


Trombicula hakei, 7:1 
~* intermedia, 3:10, Pid 
- pallida, 3:10, Pid, P.42 
ar nalpeliseoei0, Be4h, Peace 
- scutellaris, P.41 


Trombiculid Mites, 
-- (see also T. deliensis) 
- abundance, 3:5, 3:8, P.35(3) 
- «- .in Japan, 3:10 
- classification, 3:2, 6:5 
- dispersal by hosts, 3:13, 3:4 
. @istribution, 3:1,13, 2:32(9) 
- - influence of hosts on, 
3:13, (Figs. 3:41,12), Pa39 
eek “inte, Fealends"), | 5:15, Peod 
- duration larval feed, 3:3, P55 
~ ecology, adults/nymphs, 3:4 
- = summary of, 2:32, 2:24=37, Ped 
-~ as "ecological labels", 5:6(4) 
- economic grouping of, Ped. 
- evolution, P.36(b), Pel3, 3:4 
- hosts of, 5:5(4 
-/ «, Burma, 1:6(2 
~ « relationship to, P.36(4) 
- infection in, P.41 
~ infestation data, 5:5,6 (Tables), 
(Figse 3:13 ,459) 
~ key to generic groups, 6:5 
~ life-cycle, duration, 21:2 
- moisture and, 3:4 , 
- population, 3:3, P.35(3) 
- »« and hosts, 3:11(D), 
, (Figs.e3:10,12), P.36(4), Ped8 
- "“gerub itch" and, P.+(B) 
- seasonal changes, Pe37, 5:1, 
5,6, (Tables), 3:5-6 
-° species et Appe 7 
- = summary, 3:1,2, 
- - in Burma, 1:5(5),6 (Table) 
- turnover, 3:3 (Pige3:5), Pe35(3) 
- = implications of, P36, 3:4. 
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Taungya 2:4 
(see Shifting cultivation) 


Techniques, 
- anaesthesia hosts, 5:4 
5:4 (Figs 5:2), Appe 22 
- breeding mites, 21:3 
- in field investigations, 
; P49, 5h 
- histological, mites, 19:1 
- infection from rats, 
12:1(2) 
- mite-inoculation, ene 
3 


- mounting larval pelts, 


; 2733 
- use of bait for larvae 
(Fig.3:9) 
Temperature, Assam Burma 
(Fige2:2) 
- Imphal 3:6 
Terrain, relationship typhus to, 


1:8 
Terrain and scrub typhus, chrt) 
P.A5, 2:34.,36(chart) 
2:36, 4:2(6A), (chart) 4:3 


Ticks 
- Almora, 16:4(V) 
- Bhimtal, 16:3 
‘= Manipur and Kumaon 
ee ah Py We 
- Naini Tal, 16:5(VIIT) 
feo (darrecthonrimg uz s5 


Tick Typhus, 

- and indeterminate type, 
Calcutta, 9:2 

- fievre bouttonneuse type, 
17:6(VI) 

- Rocky Mountain type, 
17:3(IV), Pe52(10) 

- rickettsiae recovered, 
Imphal, 12:3, 173 

‘» types in India, P52 
(10,11), App. 15, 
ieee nr 


Tiddim road, Mile 82 camps, 
Pa 23h) (Fig.6) 


Topography of typhus 
(see Terrain) 
- in Burma 1:7(6) 
(Map 1:6) 1:9(4) 


Transovarial Transmission, 
- in akamushi P,28 
- in deliensis P.32(1) 


Trapping areas 5:1 


Transect through forest edge, 
3:10 
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Tree Shrews, important hosts 
(see Tupaia belangeri ) 


Tree Shrew, Tupaia 
- infection of 12:2 (h) 
- infestation of 1:6(2),2:16(Fig.1:7) 
- importance of P,38 


Trombicula 
see before Taungya 


Tupaia blued 2215, 16, (Fig. :7) 
:6(2 ) (see Tree Shrew) 


Tungea penetrans 
- spread of 4:3) 


Twelfth Army in Burma 1:1-5,2:8-18 
ee tk islands" P,3 
origin name P,41 
- development 4:3(B) 
- boosting of infection in 
P.36(d), P.4.0(d) 
- mite-rat-mite cycle and, P,4.0(3b) 
~- presunptive analysis of 4:4(c) 
- independent introduction of 
infection in 4:4(c), 2:34,p,40(3b) 
- variations in P.At, 2138 (para Ws 
1:1(2) 
- raison d'etre 1:8 (3) 


"Typhus season", P.3. 
- infection of hosts in, 12:1 (i) 


Typhus and scrub, Chart, P.47 
Typhus in India, 
- distribution, 15:2 
- identification, Imphal and 
Kumaon, 17:3 
- Kumaon Hills, App. 16 


- ued P52, 15:1 (Figs. 198 1-2) 
- seasonal, i5: 32 (Figs 15:3) 


Ukhrul road jotting 


Vv 
Variation in Rickettsial strains 
42:5(10) 12:11(b) 12:12(7) 


Vectors, 
- exceptional, P44 ; 
- inter-murine, P.41, Ped} 
- life-cycle, and serub typhus, P.36 
duration Airy Ps eas 
- summarised, P.33 (Table 


Ve getation 
- Assam-Burma 2:21 (map 2:3) 
- Burma 1:9-11 
- Dry zone Burma 2:14 1:10(b) 
- forest restricted belts (Fig.2:7, 
9,11,,12,) 
~ Kabaw valley 17 
- Kanglatongbi area (Figs. 2:8, 
A412 43) 
- umeon Hills 15:2,16:1(2) 
- Manipur 2:1 


ventre ‘tion (Contd) 
Mite Hill 16 
- ponzos (qev.) 
- subclimax grassland 2:6 
(Figs. 2:10) 
- watermeadows 2:4,6,7 
(Fig.2: 8, tie) 


Vegetation mosaic 
- importance 2:34 
Villages 
- inpection in 2: 39(44) 
- abandoned 2: :10(b) 
Ventral discs, nymphophanes 11:2 
W 
5T3s 13 


Walchia species, 


Waste land, types of, P. fy etog 


- domestic (suburban), 3.39(4i), 
Lay 2hoCas} 
Water, ecological importance, 


Pe L6, 2 24.2 (ii) 


Water-meadows, 
ee PS). 225 LO 
- Formosa, 2 :13(Fige3), 2 shy 
(Fig.6 
- Heirok Turel, Imphal, 2:41 
- infested in Japan, 2:43 
(Figse1 ,2 
~ origin, P. 46a18 (Chart), 
2: 36 (Chart ) 
-— Wetyu Chaung, Ped, 2:41 
Water-cdge, 2:14 
Weil-Felix test, App. 18, P.8, 
- & typical, 18; :2(7) 
- in Burma, cas te 
- in Calcutta area, Ort e 
- in Fourteenth Army, P.8,P.17 
: (Table ) 
- general account, App. 18, Pe/ 
~ in infected monkeys, 12: :8(7) 
(Table ) 
- in infected wild rats, 12:9(f) 
-~ in Mandalay outbreak, 23:1 
- in pregnancy, 18: (95 
- slide agglutinations, 18:3(8) 
- tick-typhus outbreak, 17:7 
(Table) 
in India, App. 15 (and 
| Figs) 
~ vagaries of, P.51(2) 
- value of, App. 18 
- wild animals and birds, 18:1 


= types 


Wetyu Chaung, P.3, 2:17,14 


Wingete's HQ & Chindits, 2:2,1:11, 
Pet 
Womersleya pee 125 


Yudokychi, P.28, 
i ‘(Gee oye’ files 
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Centres of dispersal, 
- "islands" as, P.30(iv), 2:15(c), 2:33(11d), 38, 
1:10(v), 3:15, 4:24, 6:6 
~ of rabbit and T,autumnalis, P43 
- of genus Rattus, 2:41 (bot. ) 


Control, methods of, Po49, 6:5-7, P.25 
- by clearing, ae P.25 
by cultivation, 6:6 (2) 
by anti-rat measures, P.25, 6:7(3) 
grazing 6:6(2) 
by oil, P49, 6:5(1) 
summarised, 1:13() 


j Oe BER Se Gee | 
oO 
a 


Reservoirs, animal, bere P,4.3(bottom) ,2:32(2), 
:6( 4. 


53 
hypothetical, P,38(i), Pe40(b) 
hosts a8, Pe37, Pe38, Pe40 
important species, P,37, 1:6, 5:7 
rats as, P37 (Pe40(bottom), 2:32(2) 
shrews as, P.38, 2:32(2c) 
squirrels as, 1:6(2), 2:32(2c) 


oy Soe a tee 


Reservoirs, "islands" as, 
(see Centres of Dispersal, supra, and 
Sanctuaries) 


Surveys, App. 6, P.49 

- equipment required, 6:2 
of Burma, App.1, Appe23, 2:2-19 
of Ceylon, Appel3, 2:19 
of Kumaon Hills, App.16, 2:20(17) 
of Maldives, Appel, 2:20(16) 
reconnaissance, 6:1 


| ess Ee ee ae | 











